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ermetically Sealed Rotary Switch 


INFORMATION 


1/25 sec. 
to 1/35 sec. 


Hermetically Sealed Circuit Selectors 
and Stepping Switches contain an at- 
mosphere of dry nitrogen which provides 
a permanent environment for the opera- 
tion of the switch. They are designed to 
meet MIL-E-5272A, and will withstand 
extreme moisture and high altitude con- 
ditions in military and industrial instal- 
lations. Sealed Switches are available in 
various wire sizes for operation from 6 
to 350 VDC. Self-contained plug-in 
types allow rapid field installation. More 
than 3000 standard designs are shown 
in Bulletin D-460. 

Other Ledex products include Rotary 
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AN Connector Solder Header 


Solenoid, Syncramental Stepping Motor, 
Digimotor Stepping Motor and Indexing 
Device, Rotary Solenoid Selector Switch, 
Digimotor Selector Switch. 

Switching applications include circuit 
selecting, stepping, counting, program- 
ming and sequencing. 

Mechanical applications of other Le- 
dex products include actuation of valves, 
vanes, printers, shafts. Write for litera- 
ture, mentioning application, to Ledex 
Inc., Dayton 2, Ohio; Marsland Engi- 
neering, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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Callitroga hominivorax...an impressive name for 
a vicious killer. Three times as large as a housefly, 
it no longer costs millions of dollars in the South- 
east, thanks to atomic radiation and the unique 
properties of Nickel Stainless Steel. 


Atoms clobber a *20-million-a-year pest 


How Nickel Stainless Steel helped 
fight costly cattle menace 


A few small flies can kill a full-grown 
steer in ten days. 

They call this killer Callitroga homi- 
nivorax, or screwworm fly. It used to 
cost Southeast cattlemen 20 million dol- 
lars a year. 

Thanks to a peaceful use of atomic 
energy, the U.S. Department of Agri- 
culture reports that Callitroga homini- 
vorax was completely eradicated within 
seventeen months. This achievement 
may mark a new precedent in modern 
methods of pest elimination. Over two 
billion laboratory-raised male flies were 
sterilized by atomic radiation and then 
released. Because the females then laid 
sterile eggs, the screwworm fly popula- 
tion was destroyed. 

Sterilization was accomplished by 
exposing males to gamma radiation 
from Cobalt 60 within a lead-shielded 
cask of Nickel Stainless Steel. 

Nickel Stainless Steel was chosen 
by the designers, Knapp Mills Inc., for 


2 


several reasons. It gives strength and 
rigidity to the cask’s interior for greater 
handling safety. It stands up to the nitric 
acid solution used for radioactive de- 
contamination — a cleaning process that 
plays havoc with less corrosion-resisting 
metals. And its sanitary, attractive 
appearance adds sales appeal to any 
product. 

Are you in the atomic energy field 
...or any field where you need a 
metal with a combination of superior 
properties? Consider the advantages of 
Nickel or one of its alloys when plan- 
ning the construction of your equipment. 
Help with any metals problem is avail- 
able from Inco. Just call or write us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Ane, New York 5, N.Y. 


The Irradiator, nemesis of screwworm flies, is 
fabricated of Nicrolum*—a Nickel Stainless 
Steel to which lead has been metallurgically 
bonded. Six of these machines brought the 
fly menace under control. 


*T.M. of the designer-manufacturer, Knapp Mills, 
Inc., Long Island City, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Electrical 
Frogs 


One day in the late 1780s a shy, retiring professor of 
anatomy at the University of Bologna was performing a 
function that was almost commonplace with him— 
dissecting a frog. Suddenly, the legs of the dissected animal 
jerked, simultaneously with a discharge from a nearby 
electrostatic generator. The professor sought the reason 
and found it: “. . . While one of those who were assist- 
ing me touched lightly and by chance the point of his 
scalpel to the internal crural nerves of the frog, suddenly 
all the muscles of its limbs were seen to be so contracted 
that they seemed to have fallen into tonic convulsions.” 
This discovery by Luigi Galvani was truly electrical—one 
of the most important in both anatomy and electricity. 

Scientists throughout Europe began to investigate the 
strange phenomenon called “animal electricity.” Some 
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believed that certain animal tissues actually contained an 
electric charge. Others, like physicist Alexander Volta, 
went on in still another direction. He found he could 
also cause frog muscles to twitch by touching them with 
two dissimilar metals. The metals created the current, he 
reasoned; a nerve conducted this current, actuating the 
muscles. 

Volta experimented for a decade, finally designing a 
cell consisting of a series of silver and zinc disks separated 
by a brine-soaked cloth. He was only able to generate 
a weak electrical charge, but enough to prove his dissimi- 
lar-metal theory. 

In 1881, the International Electrical Congress honored 
Volta by naming the measure of electromotive force after 
him. Volta’s name is further perpetuated by voltmeters 
and such a new concept in voltmeters is discussed on 
page 33. —Benedict A. Leerburger Jr. 
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ELMER J TANGERMAN editor 


The following report, taken from a British publication, 
indicates there has been considerable development of a 
new science called antithetics. We have known many anti- 
theticians-by-principle, but never realized the science had 
reached the stature indicated here. 

Let the managing director of a large industrial company 
explain: he was, we’re told, responsible for the appoint- 
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ment of the first antithetician in England and, perhaps, 
in the world. 

“Actually,” he said, “the antithetician started as one of 
our bright chaps who always keeps abreast of everything 
in new ideas, new techniques, and new machines. We had 
a problem about our loading bays at one factory—I was 
getting really worried about them, for there always seemed 
to be a long queue of lorries waiting to be loaded. We 
have three bays altogether, so I said that if we put in an- 
other three the queue would only be half as long: that’s 


Vince CooGan 





just common sense, isn’t it? Still, common sense is not 
good enough nowadays, it seems. New capital projects all 
have to be vetted by the specialists. Of course, everyone 
passed this one except those work-study chaps—or was it 
that OR fellow? Anyway, someone said that one extra bay 
would be enough, and that if we put in three the third 


would be idle most of the time. Obvious nonsense, but 
they had bits of paper covered with those wretched 
squiggles they use. It was all beyond me completely, so I 
had to ask John here if he could prove them wrong.” 

The antithetician took up the story. 

“It wasn’t too difficult, really. First I saw that they had 
assumed Poissonian arrivals—an obvious oversimplification. 
They had also taken a constant loading negative exponen- 
tial distribution. The limits for one of the integrations 
were rather dubious, and the length of the lorries had been 
ignored. Oddly enough, they had apparently arrived at 
the right answer in spite of it all but, as I pointed out to 
the managing director, one could hardly accept criticism of 
his project on the basis of such slovenly mathematics.” 

This, then, was how the company came to appoint the 
first antithetician, the man whose sole task is to oppose 
the arguments of any other specialist in his own terms. 
Like a lawyer, he is not concerned with the rights or 
wrongs of the case, but only with the job of demolishing it. 

One of the attractive features of antithetics is that no 
problem is too big or too small, too particular or too 
general, to be outside its scope. Such a startling new 
advance in management technique is not likely to remain 
the exclusive property of one company. Although other 
British firms have shown a regrettable reluctance to adopt 
antithetics on a large scale (or, indeed, on any scale at all), 
the idea has spread like a new religion throughout the 
United States. Most of the larger corporations have set 
up impressive departments, although across the Atlantic 
they prefer to be known as Contradiction Counselors: their 
recently formed society is already a thousand strong. The 
new science has progressed far beyond its humble origins, 
and plans to organize the First International Conference 
on Antithetics are well advanced: it will probably be held 
in Paris in the spring unless someone comes up with a 
good reason why it shouldn’t. 
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NEXT WEEK IN PRODUCT ENGINEERING 


. New Magnetic Test Includes Stainless Steels 
Particles suspended in a plastic solution show up defects that older techniques 
miss; flux pattern can be permanently recorded on a peel-off film. 


. Feeder Mechanisms—Analyzing Types 
How to perform schematic analysis of individual motions and translate them into 


. New Way to Find Natural Frequency of Vibration Isolators 
You need only simple algebra and a force-deflection curve of the isolator. 


. Make Your Product Tests User Tests 
It is the only way to find out how successful your design really is. 


. 6 Applications for Flat Washers 
Illustrations show where and how to use them. 
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One Lamb FHP motor...up to 1OO,OOO carbon 
copies mass-produced to exacting specifications 


From a prototype . . . hundreds OR thousands of motors with 
absolute uniformity. Each and every motor produced has the 
same, discriminating, “‘built-in’’ perfection that you can expect 
with Lamb® manufacturing. This precise mechanical and di- 
mensional uniformity of motor as an integral component for 
your powered product is extremely important... and Lamb 
makes sure you get it! 

If you have a special motor problem . . . here’s what you can 
expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you're way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized “Motor Conference”’. 


THE LAMB ELECTRIC COMPANY - Kent. Ohio 


A Division of American Machine and Metals, Inc 
In Canada: Lamb Electric— Division of Sangamo Company, Ltd. 
Leaside, Ontario 


ant Electric 


reactionat wonserower MOTORS 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
RiIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS « FILTRATION ENGINEERS * FILTRATION FABRICS 


NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO 


* GLASER-STEERS CORP, 





Creep fests reported 
for manganese steels 

Silicon-killed, low-carbon, _high- 
manganese steels show better creep 
resistance and stress rupture strength 
than those treated with aluminum. 
British metallurgists J. M. Robertson 
and R. W. Nichols reported to a 
British Iron & Steel Institute 
symposium. 

Tests at C A Parsons & Co Ltd and 
UKAEA Culcheth laboratories indi- 
cate that after 200,000 hr at 750 to 
800 F, the aluminum-grain-tefined 
steel has a stress-rupture strength of 
about 18,500 psi; silicon-killed steel, 
more than 26,000 psi. 

In creep tests, aluminum-treated 
steels developed a creep strain of 0.27 
at stresses of 7500 to 8000 psi. 
The open-hearth silicon-killed steels 
shower higher values, through exact 
comparisons were not possible. 


More data on 


cold-rolled titanium 

High-purity titanium responds read- 
ily to cold rolling. Strength and hard- 
ness increase; and, while ductility 
decreases, it does not drop below 10%, 
even for a reduction of 40% or more. 
However, the latest Bureau of Mines 
report on electrorefined, magnesium- 
reduced, and sodium-reduced metal 
points to considerable variation be- 
tween the three types. 

Electrorefined titanium shows a 
Brinnell hardness of 66 to 81; the 
sodium-reduced metal averages 98; 
and the magnesium-reduced, 120; and 
tensile properties of the annealed 
metal are linear functions of Brinnell 


'S HAPPENING IN RESEARCH... 


hardness. Bureau metallurgists J. D. 
Ramsdell and E. D. Hull say the 66- 
Bhn material shows a tensile strength, 
before cold working, of less than 
40,000 psi; the 120-Bhn material, 
about 60,000. After 40% reduction, 
the tensile strength of the softer 
material is about 80,000; of the harder 
material, well above 100,000. 

Free copies of the 15-page report 
(RI-5656) are available from Publica- 
tions Distribution Section, US Bureau 
of Mines, 4800 Forbes Ave, Pitts- 
burgh 13, 


New polymers to 
conduct electricity 


Resins that serve as charge-carriers 
when dissolved in non-polar organic 
solvents are being prepared at Uni- 
versity College in London. An 
American Chemical Society report 
says these materials may even be con- 
ductive in the solid state. Thus far, 
though, only the dissolved materials 
have been tested, and they do not 
conduct electricity unless an acid is 
present. Work is continuing, both 
on production methods and on the 
conductive mechanism. 


High-speed electronic flash 


has no afterglow 

An electronic flash which achieves 
and maintains peak brilliance instan- 
taneously, and then shuts off without 
afterglow, is helping Naval Ordnance 
Lab study and record airflow. 

The device is a gaseous-discharge 
tube, coupled with a “transmission 
line” made up of a series of charged 


capacitors. When the capacitors are 
discharged, says NOL, “alternating 
current races first back and then forth 
through the line, keeping the tube’s 
arc burning evenly for 0.003 sec. The 
light then abruptly ceases to shine 
without any afterglow.” 

In addition to avoiding double ex- 
posures and uneven exposures, the 
device gives more light than the 
standard fiash—about 10 times as 
much, NOL says. 


briefs . 


Superconducting temperatures of tran- 
sition-metal alloys can be markedly 
lowered by small alloying additions, 
Bell Labs researchers report. In a com- 
munication to the Physical Review, 
they note that previous studies showed 
small amounts of rare-earth elements 
had a major effect on several transition 
metals (titanium, columbium, vana- 
dium). Now, tests of a molybdenum- 
thenium alloy indicate that a “‘drastic 
lowering” of superconducting tem- 
perature occurs when small amounts 
of iron are added. The importance: 
such findings pave the way for “engi- 
neered” alloys for electrical and elec- 
tronic components, also add to basic 
knowledge of superconductivity. 


Liquid neon (boiling point: —410 F; 
price $250/qt) is now being shipped 
by The Linde Co from its Tonawanda 
plant. It’s much too costly for general 
commercial use, of course, but Linde 
believes the pioneer shipment—of a 
13-qt order—will pave the way for new 
research uses and for such special 
product applications as cryogenic 
instruments. —ARG 





New combination-meter for 


A transistorized frequency meter 
and chronometer, said to have an ex- 
ceptionally high input impedance and 
to be specially designed for easy read- 
ing, is being introduced by Southern 
Instruments Ltd of Surrey, England. 
Frequency-measurement range is 0.1] 
cycles to 120  ke/sec, accuracy 
0.005%, input impedance 10 meg- 
ohms (below 2 v rms input level). 
Counting period and display time are 
both adjustable over a wide range, and 


the lab 


a latching system is provided to re- 
tain the previous count while a new 
one is being made. 

The unit operates on standard 
voltages, measures 10 by 13 by 114 
in., weighs approximately 20 Ib, con- 
sumes about 45 watts. 


THE PROJECTION-TYPE DISPLAY 
PANEL of new British counter is de- 
signed to permit easy viewing with 
widest possible viewing angle. 
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Now... ZZtzz FLEXMASTER Joints Unlimited! 


NEWLY EXPANDED LINE INCLUDES WIDE VARIETY OF STYLES IN PIPE SIZES FROM %” TO 4” 


Pictured above are a few of the many tees, crosses, misalignment without leakage. Designed for pipe 
elbows and straight Marman FLEXMASTERS now sizes from ¥%” to 4”, FLEXMASTERS are available 
available. These unique sleeve couplings join pipe in sleeve lengths from 2” to 36” and in the config- 
quickly, without grooving or pipe threading. They urations mentioned. For complete information, mail 
absorb vibration, shock and minor axial and angular the coupon below for Bulletin 805. 
FLEXMASTER is an Aeroquip Trademark, 
Aeroquip Corporation, Marman Division 
11214 W. Exposition Bivd., Los Angeles 64, Calif. 


- 
S110) U Please send me a copy of FLEXMASTER Bulletin 805. 
Nome 


Company 
Address — 
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Diffusion-bonded coatings are key to new joining process 


Copper components can be joined with a homogeneous bond which is “as strong as 
or stronger than the base metal,” says Chase Brass & Copper. It’s done by using a 
special coating on the metal; the coating diffuses into the parts being joined and 
produces a bond without an interforce. The joints, Chase claims, have high thermal 
and electrical properties, good corrosion resistance, and low porosity. 

The coating can be applied either to semifinished mill products or to fabricated 
parts and requires “only reasonable care in handling.” It is diffusion-bonded at 1700 
to 1800 F in hydrogen. This, of course, anneals the base metal, and may limit appli- 
cations to some extent. Furthermore, the process—insofar as diffusion bonding is 
concerned—seems limited to high-copper, low-zinc alloys; though braze-type joints 
have been achieved in brasses containing as much as 30% zinc. 

The process is still in the R & D stage, but samples are available for evaluation and 
Chase is preparing to produce and market precoated copper strip. 


Improved thermistors may replace thermocouples 


Thermistors with higher temperature coefficients of resistance, improved electrical 
and structural stability, and better chemical resistance are being developed, says R. W. 
Smith of AC Spark Plug, and the new compositions may be able to compete with 
thermocouples in the high-temperature field. Furthermore, he says, it should be 
possible to produce materials with positive rather than negative temperature coefficients 
over limited but controllable ranges. 

Much remains to be learned about the ceramic materials used for thermistors, and 
the effect of such factors as chemical composition, heat treatment, particle-size dis- 
tribution, and sintering atmospheres on the properties of the finished product. But 
work in these areas is now in progress, and the outlook is decidedly encouraging. 


Navy replacing nitrile rubber-cork gaskets 


In piping systems—for aircraft fuel, air, steam, and sea water—the Navy’s Bureau of 
Ships is recommending replacement of gaskets (MIL-G-6183) made from cork and 
Buna N acrylonitrile rubber (SBN) with sheet rubber (where temperature is not_above 
150 F) or asbestos sheeting. The reason: the previously used material “is by nature very 
soft and as a result is frequently over-compressed.” Permanent set and loss of resilience 
occur when the rubber is compressed beyond 40% of its thickness. 

The change in gaskets may also require a change in bolting, BuShips notes. Where 
“hard” asbestos gasketing (sheet less than 4 in. thick) is used, steel bolting (or bolting 
of comparable yield strength) is indicated. 

In class A bolts and class A and B nuts, K-Monel will be substituted for Monel. 


Thermoelectric analyzer measures motion 


A thermoelectric device that measures and re- 
cords movement without direct attachment to the 
moving object is described in a Czech patent 
(91,741), assigned to Vladimir Valter. 

A heat-producing light source is attached to 
the moving object. An optical system picks up 0} 
this light and concentrates it on the central metal “4 
plate of the thermoelectric unit (see diagram). 
The voltage generated as the light trace moves 
then indicates position and direction of motion. 
THERMOELECTRIC CELLS formed by junctions Thermoelectric 
between central metal plate and surrounding Junction 


strips generate a voltage proportional to the- os ot 
distance between light source and contact plane. 
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New system improves mica insulation 
Greater electrical and mechanical strength and less waste of materials are among 
advantages claimed by Siemens of West Germany for a new insulating system based 
on electrophoretic techniques. Starting point is a mica “pulp,” said to have unusually 
good bonding action—so good, as a matter of fact, that the mica will even spread to 
cover adjacent segments. The system is now under test for commutators and slip rings. 


Noise serves as tipoff to mill operation 

Noise-level measurements indicate ball mill performance in a new system designed by 
Elliott Brothers of London. The method is based on the fact that the noise level 
within a grinding mill is related both to loading and to particle size. Thus, by monitor- 
ing the noise level, it is possible to follow the progress of the grinding operation and 
sound an alarm when deviations from a predetermined standard occur. The Elliott 
unit compensates for extraneous noise and takes into account the decrease in interior 
noise level with decreasing particle size. 


New rotary switch offers longer life, rugged construction 
A rotary switch “devoid of friction” and with “a longer rated life than any previously 
produced” is claimed by Hathaway Instruments of Denver. 

Two gold-plated magnetic wires suspended in a nitrogen-filled glass bulb serve as 
the operating mechanism. When a “V” magnet is brought into contact with the bulb, 
one pole adjacent to each wire, the wires assume opposite polarities and move together, 
closing the switch. The strong magnetic force, Hathaway says, makes the switch 
extremely resistant to vibration, and the hermetically sealed cantilever design is espe- 
cially adaptable to miniaturization. ‘The individual switch sections are 14 in. long, and 
can be stacked on a common shaft, on which the magnets are mounted. A signal commu- 
tator using the same basic structure is now being designed. 


Linear polyethylene heads for higher temperatures 


A new route to heat-resistant polyethylene is reported by Esso Research & Engineering. 
Chis is a combination of chemical-irradiation techniques in which the resin is first mixed 
with an aromatic hydrocarbon and then subjected to high-energy radiation. The result- 
ing material, Esso says, has a melting point of “above 400 F”’—more than twice as high 
as the original material. A full description may be found in British patent 840,070 


Modified titanium alloy proves out in ordnance 

A modified version of the popular titanium-4 aluminum-4 vanadium alloy is proving 
its ability to achieve strengths in the 160,000 to 190,000-range with an elongation of 
7 to 8%, Crucible Steel reports. But, Crucible cautions, heat treatment is just about 
as important as composition for maximum benefit. Says Crucible: “The amount of 
hot work, the temperature of working, and the final heat treatment are all important 
variables.”” In forging, reductions of 50% in hot working are desirable, with a forging 
temperature of 1625 to 1700 F, followed by a water quench, soaking (at 1630 F), 
quenching, aging (at 1100 F) and aircooling. Composition of the modified titanium 
alloy is 6Al-6V-2Sn. 


French design computer for engineering 
A desk-size engineering computer that operates on standard current (220 v), without 
air conditioning, is to be “mass produced” by Societe Le Materiel Electrique and 
Societe d’Optique et de Mecanique of France. 

The units measures 70 x 35 x 33 in., consumes less than 2 kva, has typewriter input 
and output, with a normal speed of 10 characters/sec that can reach 46 to 50 characters/ 
sec with an auxiliary ribbon perforator and photoelectric reader. 

It has a magnetic drum memory (16,384 “words” of 33 binary signs each), and a 
ferrite-torus fast memory with 16 registers. 

A new model with a capacity of 10 million characters is now under development, 
and should soon reach commercial production. —ARG 
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Federal R & D spending in fiscal ‘62 to pass $9.4 billion 


Federal spending on research and development rises to $9.4 billion in the fiscal 
1962 budget. This is a $770-million increase over the present year, and a $1.7 
billion jump from the 1960 budget. 

Some 75%-—$7.4 billion—goes for national security programs, with Dept of 
Defense accounting for $4.8 billion. The Atomic Energy Commission takes the 
next largest chunk of military R & D money, some $891 million. 

National Aeronautic and Space Administration leads federal R & D spending 
for the so-called nonmilitary program, with some $967 million. Next on this front 
is some $483.8 million to go mainly for federal medical research. 

Basic research is slated for about $1 billion, up some $200 million from the cur- 
rent year. Some $375 million of this billion will be doled out by the NASA for 
its space programs. About $44 million will go for engineering and hardware costs 
of NASA’s satellite and rocket programs. 

National Bureau of Standards gets a healthy boost in funds from $44.3 million 
this year to $77 million in the new budget. In addition, some $953,000 for research 
and technical services will be sought in a supplemental request. Largest chunk 
of the added money—$50 million—is for construction of new facilities for NBS. 
A $5.2-million increase is earmarked for research and technical services, however, 
for a total of $24 million. 

Work in the fields of physics and electronics takes $8.8 million of this bureau’s 
research money; mechanics and engineering is increased some $432,000 to $2.5 
million; and chemistry and metallurgy will get $4.8 million, up $618,000. 

For the first time, Bureau of Standards has been allotted foreign currency money 
for contracting of research overseas. A fund of $1 million has been included in the 
1962 budget. 

Military research calls for some $584 million for space projects. This is an 
increase of $73 million over the current year. The money will go for continued 
development of the Air Force’s Samos, Midas and Discoverer intelligence satellites; 
the Navy’s Transit navigation satellite; and the Army’s communication satellite 
Advent. 

Healthy chunks of money, too, will be pumped into development of the Air 
Force’s Mach-3 B-70 program—about $400 million, up $135 million over this year. 
And the new supersonic cargo aircraft will get around $60 million, about double 
this year’s effort. 

Civil space programs under NASA in 1962 are slated for $1.1 billion (a supple- 
mental request will go to Congress for $49.6 million for 1961 programs). And 
industry will be asked to contribute some $10 million in 1962 for communication- 
satellite programs. This makes a net increase for the agency of some $155 million. 

By and large, the NASA budget reflects a slight downturn in requirements for 
new facilities at its research centers around the country; a sharp drop-off—over 50%— 
in tracking-facility requirements; and a tapering-off in such projects as the man-in- 
space Mercury program, and development programs of the Scout, Delta and 
Centaur boosters. 

Less than 15% of NASA money goes to in-house projects. The balance is chan- 
neled directly by NASA or through the military to industry. Development of 
the big 1.5-million-lb-tthrust Saturn boosters is earmarked for some $250 million, 
almost 25% of NASA’s total budget for 1962. It is a $20-million increase over 
the present year, but still not the peak spending period for this booster stated to 
be operational in 1964-65. 

Some $68.6 million will go for developing an active communication-satellite sys- 
tem. And some $29.5 million for NASA’s long range man-to-the-moon project 
Apollo program. The balance of NASA’s money goes for the score or more of 
space programs it now has underway. 
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LINK-BELT HELICAL GEAR SPEED REDUCERS f ‘ 
3 01-a-kind 


Kk = 
‘+O 100’ 
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for versatility 


GEARMOTOR 
perfect choice for close quarters 


Where inches count, here’s your best choice for high-effi- 
ciency speed reduction. Simple gear trains and flange-con- 
nected motor combine for exceptional compactness. The 
flange connection eliminates additional coupling devices 
. . . assures positive, permanent motor alignment. Available 
in double, triple and quadruple reductions. Ask for book 
2747. 


MOTOGEAR 
no delays in motor replacement 


Motor switching takes just minutes with Link-Belt Moto- 
gears. They’re designed for bracket-mounting, foot-type 
motors of any enclosure, any make! No need to drain oil. 
And no realignment problems—the rigid bracket automat- 
ically assures accurate positioning. Other features: oil-tight 
cast iron housing; hardened gears; straddle-mounted pinion 
that easily withstands shock, reversing or heavy loads. 
Available in double, triple and quadruple reductions. Ask 
for book 2747. 


IN-LINE 
mount the motor anywhere you want it 


Your choice of drive arrangements is practically limitless 
with a Link-Belt In-Line. You can mount the motor any- 
where . . . it needn't be direct-connected. Input and output 
shafts are on the same horizontal and vertical planes . . . 
offer maximum flexibility to meet layout and space require- 
ments. In-Lines feature the simplest of gear arrangements 

. encased in sturdy, well-sealed, one-piece housings. 
Available in double, triple and quadruple reductions. Ask 
for book 2751. 


ASK OUR ENGINEERS! Our experienced field engineers will 
help you with your application problems. With industry’s mos 
complete speed reducer line to work with, their recommendations are 
unrestricted, unbiased. Contact your nearest Link-Belt office. Ask 
for the catalogs listed above. 


LINK{@}BELT 


4 
Wor 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Canada, Scarboro (Toronto i3); South Africa, Springs; Switzerland, 

Geneva. Representatives Throughout the World. 5, 588 
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ROTATING STRESS LOADS are 
constantly changing on the 
modulus balancing cheek plate 
(indicated in blue) of this heli- 
copter rotor by Kaman Aircraft. 
**SCOTCHPLY’" is the only struc- 
tural material tested that 
satisfied all requirements. Plies 
are oriented to meet thetension, 
bending and torsion strains 
developed in the blades. 


Modulus of elasticity taken in 
the lengthwise direction and 
crosswise direction for several 
laminate orientations are shown 
at right. Any intermediate ratios 
may be obtained as ‘‘SCOTCH- 
PLY" can be tailored to meet 
specific stress requirements 
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withstand over 2 BILLION 
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at 25,000 psi with no evidence 
of flexural fatigue 
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CROSSPLY 
(90°) 


SPECIAL 
10° 
LAMINATE 





MODULUS (MILLIONS PSI) 


Cross-hatching 
indicates filament 
orientation 
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Only “SCOTCHPLY” Brand Reinforced 
Plastic lets you tailor continuous 
non-woven filaments to meet specific 
StreSsSeS SEE ERR 


Now get maximum flexural-fatigue strength plus highest 
strength-to-weight ratios with “SCOTCHPLY” Reinforced 
Plastic. Tests show this amazing structural material will 
stand up under more than 2 billion flexes without fatigue 
failure. 


The secret of the superior properties of “SCOTCHPLY” 
is that each ply consists of continuous straight filaments 
in parallel alignment, not crimped or woven. This 
continuous non-woven construction allows you to tailor 
individual plies to meet specific areas of high stress. 








FLEXURAL FATIGUE failure of 
metal Fourdrinier springs resulted 
in costly breakdowns on this paper 
machine manufactured by Rice Bar- 
ton Corporation. Now Fourdrinier 
springs of “ScorcHpLy’’—tailored 
to the application—do the job. 


EXTREMELY HIGH TENSILE 
STRENGTH and light weight are 
essential in this battery case by 
Prewitt Aircraft for a classified mis- 
sile. By proper orientation of re- 
inforcing filaments, “ScoTCHPLy” 
provides maximum strength where 
strength is needed to withstand tre- 
mendous acceleration loads. 


SCOTCHPLY. 


BRAND REINFORCED PLASTIC 
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Weight and bulk is not wasted in directions or regions 
of low stress as with ordinary woven or short strand 
reinforced plastics. With “SCOTCHPLY” you customize 
the material to the job. 


“SCOTCHPLY” Reinforced Plastic is available in epoxy, 
phenolic and other resin formulations with filaments of 
glass, nylon, asbestos or other materials. It is sold in 
uncured rolls or sheets containing a controlled ratio of 
filament to resin. Heat and low pressure in matched 
metal dies, or vacuum or pressure bag molding cure it 
into rigid form. It can then be sawed, machined, sanded, 
milled, turned, drilled, or tapped. 


Discover how “SCOTCHPLY” can serve your needs. For 
complete information and technical service, write : Rein- 
forced Plastics Division, 3M Co., 1210 University Ave., 
St. Paul 4, Minn. 


Fliexural-fatigue strength @ 2 x 10° cycles 
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Typical “ground all 
over” series 1600 
“precision” bearing. 


COST REDUCTION 
is Today’s No. I 
Design Problem 


...and NICE 


Can Help 
Lower Costs! 


WRITE FOR 
CATALOG NO. 190 


YES, the bearings illustrated are identical, 
except for degree of precision. Because of the 
precision differences, there is a substantial 
difference in cost... NICE can provide bear- 
ings incorporating any degree or combina- 
tion of precision features between the higher 
priced “ground all over” series 1600 and the 
low cost “unground” series 3000. 

ARE YOU PAYING FOR MORE PRECISION 
THAN YOUR BEARING APPLICATION RE- 
QUIRES? The specific requirements of your 
particular application should determine the 
precision features of the bearing you use. 


Typical “unground” 
series 3000 “preci- 
sion type” bearing. 


PRODUCT DESIGNERS will find many cost-saving ad- 
vantages in the use of NICE PRECISION, SEMI-PRECI- 
SION and UNGROUND BALL BEARINGS. Experienced 
NICE Engineers can not only help in the selection of 
the proper standard bearing, but can design “exactly 
right’ special bearings to meet particular application 
requirements. 


NICE BALL BEARING: COMPANY. 


NICETOWN PHILADELPHIA: PENNSYLVANIA 


CIRCLE 14 ON READER SERVICE CARD 
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Sloan Foundation Gives 
Samples of Its Research Aid 


New Yorx—Basic-research grants by 
the Alfred P Sloan Foundation have 
now reached $1 million a year. To- 
tal volume of annual grants has been 
rising about $200,000 yearly since the 
foundation began supporting research 
in 1955. And by now nearly 500 sci- 
entists have obtained unrestricted 
funds for research, according to a 
report released by the foundation's 
president, A. P. Sloan. 

He notes that it is difficult to dis- 
cuss the significance of basic studies. 
Aside from the specialized character 
of most work undertaken by Sloan 
fellows, its value may not be fully ap- 
preciated for several years. 

Many of the fellows are concentrat- 
ing on studies of atomic nuclei and 
the solid state. One fellow, Dr Murray 
Gell-Mann, is attempting a unified 
theory to describe behavior of the 30 
elementary particles identified in the 
atomic nuclei. 

Dr Frank Press, a seismologist, has 
conceived a theoretical explanation of 
shock waves in the earth that may ex- 
plain formation of mineral deposits 
and aid in detection of underground 
nuclear explosions. Press regards the 
solid earth as a “bow! of jelly” in for- 
mulating his shock-wave theories. 

Imperfect crystalline lattices, which 
are known to have an important bear- 
ing on electrical and mechanical prop- 
erties of solids, are under investiga- 
tion by Dr. Charles P. Slichter, among 
others. He is examining self-diffusion 
of atoms in solid aluminum and simi- 
lar metals. His experimental evidence 
is providing support for the theory of 
superconductivity, and now makes it 
possible to predict which substances 
will be superconductive (i.e. produce 
no resistance to flow of electricity). 

Fellows in astronomy are attending 
to such problems as gamma- and cos- 
mic-ray flux in an attempt to explain 
the origin and decay of matter, and 
the mechanism of absorption and gen- 
eration of radio waves from outer 
space. 

The foundation’s policy, Sloan says, 
is to give direct support to men and 
women working in educational insti- 
tution. . 
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Port programmer 
in APT 


Post Computer Post 
processing processing 
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DESIGNER COMPLETES CONCEPTUAL DESIGN which is put into numerical 
form so part programer can convert sketch into Automatic Programing Tool 
System (APT) language. Programer converts the part configuration into 
algebraic forms and puts it into computer format. Computer calculates the 
tool cutting path and produces a magnetic tape. This tape (No. 1) which is in 
standard format, is passed through a post-processing routine to convert the 
general information into specific data on tape No. 2 for the particular machine 
control system. A second post-processing routine programs the SC-4020 high- 
speed printer. As the drawing is made automatically from the same input 
information as the machine-tool tape, the print can check the tapes for gross 
errors in part shape or dimension, and gives inspection a print to use immedi- 
ately in checking parts being manufactured 


Numerically Controlled Draftsman Makes Its Bow 


screen within 8 sec (see cover). 
[he equipment is limited by the 
necessity of working with large-scale 
computers, but “draws” from the tape 
developed for numerical control of ma- 
chining, with a few added directions 
to cover legends and dimensions. One 
local aircraft company estimates its 
costs for drawings to check numerical- 
control tapes is about $50,000 a 
month; another estimates the new 
unit could cut the manual labor in 
drawing 40%. In one test, a drafts- 
man with some background in an- 


SAN Dreco, Catir—An “automated a 
draftsman”—really an adaption of the 
SC 4020 high-speed microfilm 
printer—has been developed by 
Stromberg-Carlson Div, General Dy- 
namics, here. It produces “drawings” 
or “block diagrams” in fractions of a 
second, operating as peripheral equip- 
ment handling the output from large- 
scale digital computers. Output is 
recorded on 35-mm film in the form 
of plotted curves, tabular data 
or alphanumerical printing; can be 
printed by xerography or projected on 
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IN LESS THAN A SECOND for each, this part drawing 
and block diagram were reproduced from the original 35-mm “tracings.” 


lytical geometry was trained to pro 
gram the setup in less than a month. 
Cost is expected to be $5000 per month 
for rental, or about $250,000 for put 
whether a 


chase, depending upon 


projector is included with the original 
equipment purchase 
form 1s 


The unit in its present 


60 in. high, 29 in. deep, by 66 in. 
long (or 88 in. with automatic-process 
ing camera-projector or  tape-input 
unit It 
than 


being able to 


has much greater speed 
normally be 
data at 
or plot graphs at 
Cost 


considerably 


vould required, 


record 15,000 
characters 


15.000 


pel = om 


points per sec can 


presumably be lowered 


England Wooing Germany into International Space Program 


West 
hard look at the British-sponsored pro 


Bonn Germany is taking a 


posal for a joint European and Com 
Oct 


sketched out 


monwealth space program (PI 
17 ’60, p 15) that was 
last month at a 10-nation meeting in 
Geneva 

UK’s Minister of Aviation 
croft is meeting here this week with 
West German Foreign Minister Von 
Brentano, Atomics Minister Balke and 
Defense Minister Strauss, with hopes 


| horney 


of winning a German commitment to 
participate in the international satel 
lite effort that Britain would like to 
build around its Blue Streak rocket. 
And next week a West Germany tech 
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with slower-speed elements planned. 

Heart of the device is a Charactron 
shaped-beam cathode-ray tube, with 
resolution about four times that of a 
['V tube. It can superimpose cornet 
bills of materials, business 
and the like on the 
eliminating printing of such forms, 
can simulate typing, can work on-line 


boxes, 


forms film, 


or off-line with the computer, can 
generate axes, solve equations, draw 
straight lines extremely accurately be 


tween any two points. It can also 


eventually draw cross-sections at any 


desired plane through the plotted ob 
ject or draw a cabinet projection of 


it at any desired angle of rotation, 


nical along with similar 
groups from other European countries 
and Canada, will go to the UK for a 
briefing on the Bluc Streak and _ its 


possible use as a launching vehicle fot 


MISSION, 


satellite or other 


space-tvpe probe vehicle. 


a communications 


WEST GERMANY INTERESTED 
Bonn sources stress that West Ger 
many is definitely interested in get 
But its 
government is not yet sure that the 


ting into space activities. 
British plan is the way, because of 
uncertainties over the plan’s real goals. 
lor example, Germany wants to steer 


clear of any space project with a mili- 
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with special instructions fed in by 
the computer. 


SEQUENCE OF OPERATIONS 


Ihe engineer’s rough sketches or 
calculations are programed, either 
by the engineer or a programer, and 
put the computer in the 
normal way to produce a numerical 


['wo tapes can be pro- 


through 


control tape. 
duced, one to guide the machine tool, 
the duplicate to make the drawing 
(here are no special instructions for 
the printer except to “draw” double- 
weight lines or to put arrows and 
dotted lines for dimensions and the 
like, te 


And the government 
foolish any 


tary overtone. 


considers economically 
space effort that would put Germany 
into competition with already well- 
British 
rocket and missile enterprises. Thorn- 
eycroft’s visit is aimed chiefly at clear- 


established American and 


ing up these uncertainties and to get a 
space program going. 

Though he may succeed in this, 
another hurdle must be overcome be- 
international 


fore Bonn can join the 


project. At the moment it is not clear 
just which federal ministry or agency 
has jurisdiction over space affairs. That 
has yet to be established by the West 


German Cabinet. Ld 
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Missile Planners Charged with Neglecting Commercial Aviation’s R & D Needs 


Wasnincton — President Kennedy 
was told last week that the nation’s 
plane programs are suffering because 
of overstress on the space efforts. This 
diagnosis came in a special report by 
a 9-member committee under chai 
manship of Dr Jerome B. Wiesner, 
director of MIT’s electronics research 
lab and newly designated White 
House science adviser. The special 
committee blasted at the lack of ef 
fective leadership coming from the 
National Acronautics and Space Ad- 
ministration and the space empire- 
building going on within the three 
military services. 

Specifically, Wiesner’s group criti- 
cized NASA for pumping too much 
of its research into what is known as 
in-house facilities. And it scolded the 
space agency for neglecting its respon- 
sibility to conduct aeronautical re 
search in aviation—a failure, the re- 
port states, that may well see the 
Russians and British outpace the US 
in development of supersonic com- 
mercial aircraft. In fact, the com- 
mittee suggests it may be better to 
turn over this research to another 
government agency or go outside of 
government to have it done. 


FURTHER RECOMMENDATIONS 


To take advantage of the bigger 
payloads that will be lofted into space 
when large-thrust rockets engines are 
developed, the task group calls for the 
immediate initiation of a _ research 
program in advanced instrumentation. 

Duplication of efforts and the fail- 
ure to provide back-up booster de- 
velopment were singled out by the 
committee. 

To overcome the ills of the space 
program, Wiesner’s committee recom 
mended that: top management con- 
trol be placed with the National Space 
Council; all military space programs 
be brought under one management 
in the Pentagon; “technically com- 
petent” people be placed in charge of 
NASA’s key departments; and on or- 
ganization be created within the 
government to administer an indus- 
try-government cooperative space pro- 
gram. 

Working with Dr Wiesner on the 
report were: Trevor Gardner, presi- 
dent of Hycon Mfg Co; Donald F. 
Hornig, chairman, Dept of Chemistry, 
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Princeton Univ; Edwin H. Land, 
president, Polaroid Corp, and _ his 
assistant, Harry A. Watters; Edward 
M. Pucell, professor of physics, 
Harvard Univ; Bruno B. Rossi, pro- 


fessor of physics, MIT; Kenneth E. 
Belieu and Max Lehrer of the Senate 
Committee on Aeronautics and Space 
Sciences. 

—Seth Payne, Washington Bureau 


Duplex Nickel Plating Emerges a Winner in 


Car-corrosion Survey 


Dertrroir—Environmental tests con- 
ducted by Chrysler engineers into the 
extent of corrosion on decorative auto- 
mobile parts reveal: 

e Duplex nickel on steel and zinc 
diecastings extends the service life of 
these parts 

¢Type 430 stainless steel used for 
decorative trim should be chromium 
plated to avoid corrosion 

¢ Higher percentages of aluminum 
in the alloy improve corrosion resist- 
ance of anodized aluminum parts. 

Testing of corrosion resistance is 
normally done in the laboratory where 
prepared panels or parts are evaluated. 
Data are used to determine if a new 
plating process is as good as processes 
already in use. But Chrysler is con 
vinced that the true test is the per 
formance of the part in service. It 
therefore relies on surveying cars 
which have been in service for various 


NUMBER 


RATING 





lengths of time to determine perform- 
ance of plated parts. 

These surveys are being conducted 
in the Detroit area where the environ- 
ment is considered one of the most 
corrosive in the US. This is so, espe- 
cially during the winter months when 
moisture condenses on the decorative 
parts and remains for extended periods 
with little or no evaporation, holding 
dirt, de-icing salts, and other corrosive 
products such as ash and sulfurous acid 
and other byproducts from the burn- 
ing of coal. 

The most recent study was made 
last spring with more than 1500 cars 
inspected under the same system of 
rating developed by ASTM Commit 
tee B-8, described in the aygnual re- 
port of this committee in 1953, and 
first used for the car survey conducted 
in 1957. 


\ part rated as excellent is one in 


STAINLESS 
ALUMINUM 





MONTHS 


DETERIORATION OF DECORATIVE TRIM with length of service 
represents chrome-plated steel parts on the exterior of cars. Other lines: 
less—parts of unplated Type 430 stainless steel; aluminum 


13 


OF SERVICE 


Steel line 
stain- 
parts made of 


anodized aluminum; zinc—chromium-plated zinc diecastings on car exteriors: 


brass—chromium-plated brass parts. 


Much of the plated steel decorative trim 


on these ’58-Model cars was plated with duplex nickel and chromium. After 30 
months’ service the plated steel trim is still acceptable. Zinc parts were plated 
with copper, bright nickel and chromium to a total thickness of 1.2 mils. Only 


two parts (the mirror-back and the 


chromium plated brass. 


radio antenna) were made of nickel* 
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RATING 





(1.5 mils total) 


Cu-Ni-Ni-Cr (1.2 mils total) 


Cu-Ni-Cr (1.2 mils total) 


Manned Shot in March 
lf Monkey Makes It 


Wasnincron—Early in March, the 
US may send its first astronaut into 
suborbital flight from Cape Canaveral. 
[hat is what the National Aeronautics 
and Space Administration is predict- 
ing privately. 

The manned-flight attempt will de- 
pend on results from a similar test in 
the Project Mercury man-in-space pro 
gram this month. A chimpanzee 1s 
slated to ride in a Mercury capsule 
some 100 mi high and down-range 
about 200 mi. Known as test MR-2, 
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MONTHS OF SERVICE 


CORROSION EVALUATION of chromium-plated zinc diecastings shows clear 
superiority of duplex nickel over bright nickel. Perforated line is service per- 
formance data for 18 months of diecastings plated with copper-duplex-nickel- 
chromium to total plate thickness of 1.5 mils. However, no data are available 
yet on performance up to 30 months’ service. Trend established by the 6- and 18- 
month inspection data shows increased plating thickness is definitely beneficial. 


perfect or near perfect condition and 
having an ASTM equivalent rating of 
over 9.5; a part is rated good with an 
ASTM equivalent of 8.5 to 9.5; a part 
rated fair has deteriorated to an 
ASTM rating of 7.0 to 8.5 and is con 
sidered borderline; a part rated poor is 
unacceptable; its ASTM equivalent 
rating is less than 7.0. In the graphs 
on page 17 and above, these classifica 
tions have been translated to num 
bers—excellent, good, fair and poor necessary. 


relate to 5, 4, 


ind 0 respectively 


Tomorrow’s Keil ae 
and Up to 150 Mph 


This high-speed computer-controlled electric highway pro- 
posed by Westinghouse Electric Corp would transport cars 
at speeds up to 150 mph in open areas and at urban speeds 
up to 75 mph. Flat-bottomed carriers, passed along by elec- 
trically driven rubber wheels spaced about 20 ft apart, 
would be guided by tracks on both sides. The wheels, in 
addition to serving as the highway surface, would ac- 
celerate the conveyances, keep them moving once acceler- 
ated, and give breaking power at proper locations. West- 
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compared. If differences in ratings 
occurred, the parts were reinspected 
(his reinspection procedure was_ re- 
peated on different automobiles until 
these differences were reconciled. In 
only a few instances was reinspection 


—Felix Giordano, Regional Editor 


it’s another in the series of tests of 
the Mercury capsule planned to carry 
a man into space and back before ’62. 

A few weeks ago, NASA successfully 
shot a Mercury capsule some 135 mi 
into space and 235 mi down-range. 
‘his was test shot MR-1. It followed 
i series of mishaps in previous test 
shots of the Mercury capsule. 


Inspection personnel were experi Ihe success of the MR-1 shot 
enced in matters of corrosion, but to 
ensure that each inspector gave the 
same rating to a part, a number of 
cars were inspected and the ratings all goes well on this test, then an 


moved the man-in-space program to its 
next milestone, that of sending a 
chimpanzee into suborbital flight. If 


astronaut will likely be lofted into 
space in carly March. 

It will be the first of several sub 
orbital flights planned for the astro 
nauts before an orbital flight is at 
tempted. While the program pro 
ceeds with the manned high-altitude 
testing, unmanned orbital flights of 
the capsule using the powerful Atlas 
booster will begin. 

—Seth Payne, Regional Editor 





a 
inghouse engineers say each lane of the highway would be 
a continuous, computer-controlled system of individually 
powered rollers, receiving electric energy from neighbor- 
ing interconnected electric utilities. The train of carriers 
(3 to 10 units, each) would be stopped at fixed stations 
for automatic loading and unloading of cars (above, right). 
Drive package for each roller would consist of a 3-phase 
induction motor, torque converter, brake and reduction 
wear. 
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WHAT DO YOU WANT 
TO BOND TO WHAT? 


In metalworking, you can bond virtually any 


material to the same or another material with 
Con bh y toll. SCOTCH-WELD Brand Structural Adhesives. 








-e 





Carbide wear inserts, for example, can be joined 
to other metals without warpage or fracturing... 
magnets can be bonded without loss of magnetic 
properties . . . metals, glass, ceramics—these are 
still other materials you can successfully bond 
with SCOTCH-WELD Adhesives. 


By so doing, you eliminate the skill and control 
required in brazing and welding operations... 
you eliminate the localized stress concentrations 
of mechanical joining and fastening, the bimetallic 





corrosion between dissimilar metals. You also 
produce smoother contours, maintain the integrity 
of structural members and increase their ability 
to absorb joint stresses. Oftentimes, inspection 
and production steps can be eliminated. 


The use of SCOTCH-WELD Brand Structural Ad- 
hesives in metalworking is a relatively new science. 
And it is one that is speeding production, cutting 
costs, improving product quality throughout in- 
dustry. For further information, write on your 
company letterhead specifying area of interest to: 
A.C.&8. Division, 3M Company, Dept. SBS- 
11, St. Paul 6, Minn. 


ADHESIVES, COATINGS AND SEALERS DIVISION 
TViinnesora Jfinine ann ]/fanuractrurinc company 
.+ WHERE RESEARCH 1S THE KEY TO TOMORROW 


ME 
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POINTS OF VIEW 


John R Parker 


Vice-president 
Automotive and Railway Products 
A O Smith Corp, Milwaukee 


Integrate the key word. Traditionally there are 
several functions—such as design, tooling, manufacturing, 
inspection—that bear on the ultimate delivery of a satis- 
factory product to a customer in the required quantities 
and at a competitive price. These have been considered 
more or less separate, even independent functions. Sup- 
posedly each becomes operative when the other is 
“finished”; the very sequence of operations suggests getting 
the benefits of specialization. But in practice, this tradi 
tional separation of functions has to be abandoned, or at 
least modified. Some form of communication must be 
established between the functions; and the success of the 
operation as a whole depends largely on effectiveness of 
that communication. 

As a case in point, our Automotive Products Div has 
had in operation a system that ensures communication 
among all the design and manufacturing functions at all 
stages of the operation. It involves not only our own 
departments, but our customers as well, in a joint effort 
to achieve a design development that lends itself to the 
most economical fabrication, consistent with high relia- 
bility, of major automotive components. This system 
evolved gradually. The main difference between this 
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THE QUESTION: How Do You 


system and our previous efforts in the same direction is 
that we now have an organized method that constantly 
involves all of our own facilities while it maintains con- 
tact with our customers, the automotive manufacturers. 
It replaces a former method of calling in various depart 
ments only when difficulties arose involving them. Going 
beyond troubleshooting, it adds prevention; it aims at 
achieving early design improvements and changes; and, of 
course, at correcting procedures at all stages of develop- 
ment—in the light of manufacturing experience 


Liaison with customers 


Our relation with customers is not that of being merely 
passive fabricators of their designs. We are active partici- 
pants in the design function, which is aimed at the joint 
development of designs that satisfy the customers’ func- 
tional requirements while also possessing characteristics of 
highest producibility and consistent reliability. Perhaps 
the best way to illustrate the effect of this system on our 
operation is to follow the development of a design from 
conception through actual production. ‘The main link 
between an automotive manufacturer and us is the sales- 
account engineer. His is a dual function. He is the 
representative of our company to the customer. We also 
consider him the representative of the customer—advocate 
of the customers’ interests. 

In development of a new design, the sales-account 
engineer establishes, with our customers, the functional 
requirements and the general line of development of the 
new design, which may be based on ideas advanced by us 
or on a concept originating totally with the customer. 
This design, at the moment little more than a set of 
functional needs and a general configuration, is then 
relayed to a committee—the engineering-project team. 
Generally speaking, the function of this committee is to 
establish a satisfactory design and bring in desirable design 
changes at the earliest possible time. 


Engineering-project team 

Each major automotive customer or each major segment 
of business is assigned a similar committee. The team is 
headed by a project administrator who is completel; 
responsible for all phases of the product from engineering, 
through production, to its ultimate performance. <A 
byproduct of the team concept is the stress on quality 
engineering. 

Besides the project administrator, each team includes 
a highly qualified design engineer, a planning engineer, a 
tool designer, a plant engineer, a process-control engineer, 
a manufacturing supervisor, an inspection supervisor, and a 
maintenance supervisor. The sales-account engineer is 
ex officio member of the team, and maintains close contact 
with it, representing the customer’s aims and needs. 
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Integrate Design and Production? 


On the basis of the customer’s specifications and initial 
drawings, the committee develops a proposed modified 
design, which is submitted to the customer through the 
sales-account engineer. This proposal is in essence the 
company’s version of the original basic layout, based on 
our experience, our manufacturing skills and on the 
history of our experience with previous similar designs. 
It reflects such different influences as ease and economy 
of tooling, expected production flow with minimum down- 
time, best materials-process and facilities utilization, ease 
and reliability of inspection, even economical utilization 
of production space. ‘This first proposal sometimes 
involves design changes from the original layout. Such 
changes may be extensive, but in the joint opinion of our 
own design engineer and of the sales-account engineer, 
they don’t compromise the functional requirements of the 
part. 


Design changes 

Normally our customer’s people modify this proposal to 
make the design compatible with their own needs, 
especially to facilitate assembly and later maintenance and 
servicing of the finished product—in our case, an auto- 
mobile. The first working model is then built, incorporat- 
ing these changes. It is mounted in an automobile and 
performance-tested. The tests, interpreted in the light 
of previous experience, permit us and the customer to 
evaluate the adequacy of the design, to make further 
changes in component structure if needed, and finally to 
approve the design as modified. 

Still, the design is not final, though it comes pretty 
close to the final product. Changes occurring now are 
relatively minor, to solve unforeseen problems that only 
experience with this design can bring out. By the time 
the design is released for production, the engineering 
project team has completely planned the tooling, the 
processes, the equipment and the operational sequences, 
including inspection and quality control. Through this 
team the history of past problems is brought to the atten- 
tion of the proper engineering function, and improvements 
in process approach are evolved. Generally speaking, the 
function of the committee is to establish a satisfactory 
manufacturing facility and to bring in design changes 
which improve compatibility between manufacture and 
product performance. 

In establishing the basic aesign, the engineering-project 
team discusses design ideas before they are crystallized, 
cach member of the committee explains how a proposed 
design would affect his function, and also suggests what 
changes in the design would facilitate it. A number of 
design ideas are scrapped, changed or merged until an 
approach is evolved which is agreeable to all as the best 
compromise that can be achieved on the basis of present 
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experience. Later design revisions, made necessary by 
problems that only manufacturing experience can uncover, 
are also made by the committee as a whole, as each 
manufacturing function may be affected by the change. 

Our experience with this system has been that most of 
the difficulties normally encountered with a new design 
are eliminated at the start. As a result, the “going in” 
quality of new products has been substantially better than 
in previous models. 


Team effort 

There is only one reason for a design, and that is the 
ultimate production of a salable product. In our case, 
where our product is a component in a single manufac- 
turer's automobile, we can sell our product only to the 
degree that our customer can sell his automobiles. It is 
our manufacturing function, reflected in our interpretation 
of the customer’s basic design, to help our customer pro- 
duce the most reliable product most economically. 

These are some of the basic steps in a typical project: 


e Reviewing in an advisory capacity with the Sales and 
Estimating Depts the materials and processes best suited 
for new products. 

e Examining new designs to determine if they are com- 
patible with consistent manufacturing quality. 

e Developing processes to overcome customers’ special 
problems. 

e Evaluating and testing new materials, processes, and 
methods. 

e Eliminating quality problems in the design and upgrad 
ing personnel skills. 

e Establishing the most economical production methods, 
consistent with quality and reliability, by integrating the 
efforts of Design, Manufacturing, Development, Economic 
Evaluation, Tool Design, and other departments. 


Our engineering-project team differs in two interrelated 
aspects from the more general idea of design-by-committec. 
In the first place, it is a permanent group that can be 
called together any time the need arises. Second, because 
it is a permanent group, each member of the group is 
identified with the final design, and is committed to make 
it succeed. This latter advantage may be imponderable, 
but is of enormous value nonetheless. As every function 
was consulted and its representatives actually participated 
in the evolution of the final design, each is on his mettle 
during production, especially if his advice was incorporated 
in the design. Even if his advice was not accepted in toto 
he understands the reason for the compromise that was 
finally reached; he knows it is the best that could be 
obtained, and therefore he has no reservations about it 
Thus the personal interest of each department head is 
identified with success of the product. 








| 


READER TO EDITOR | 





Filter-media Compatibility 


I'o the Editor: 

he article on filter-media compatibility 
by Charles H. Hacker (Nov 28, p 29) was 
very interesting, but I was quite surprised 
by the statement that Houghto-Safe No. 
620 was not compatible with carbon steel 
This contradicts our experience. What is 

the basis for this statement? 
—Joun A MATHE 
Lubrication Engineer 


E F Houghton €& Co, Philadelphia 


e The author replies 

Houghto-Safe 620 contains an amount 
of water which would automatically make 
it incompatible with carbon steel, or at 
least give it limited compatibility with 
carbon steel. Very probably the last three 
items of page 37 of the article should 
have read “limited compatibility with 
carbon steel, compatible with all others,” 
since it is apparent that carbon steel will 
not be acted upon by the chemicals them 
selves but only by the water present 


Engineer’s Creed, Revised 
I'o the Editor: 

This is written in protest against the 
article in your Dec 5 issue, “What Every 
Engineer Should Know,” by P. M. Zall 
In all that has been written about engi 
neering, I doubt if one could find so many 
false and unmeaning statements 

For example, the author lays great stress 
upon a “proper attitude.” ‘This means, hi 
says, that the budding engineer must learn 
to accept gracefully his spending a lot 
of time on non-engineering details such as 
administrative paperwork. He also should 
think in terms of a balance among budg 
ets, schedules, performance. Mr. Zall sums 
it all up by the following: “A desirable 


Meehanite Mandrels attitude then, would include know-how, 


know how to, and know how much.” 


Reduce Tooling Costs tap td wg bathy may hagd andy 


miss the whole thing for the silly drivel it 

| is. However, unfortunately, many employ 
This 44” diameter by 64” long cylindrical mandrel weighs 8000 ers and others who deal with engineers 
lbs. and is used for hydrospinning high strength missile casings. | have an equally idiotic view of the profes 
Many such Meehanite mandrels are now being used with good re- | sion. And, alas, even some engineers them 
sults to form parts for airframes, aircraft engines, missiles and 
other industries. 





selves have no better understanding 
l'herefore, I would like to enter a brief 

rebuttal 

If you are producing conical, cylindrical and contoured parts by the First of all, engineering is one of the 

power spinning process, Meehanite mandrels, that are machined, most difficult and arduous of the profes- 

heat-treated to a hardness of about 50 Rockwell C and ground, sions; not four years, not eight, nor even 


cane aghh Pa-sgp cy) Seog 
offer many design, economic and production advantages. a lifetime, is sufficient to master but a 
small portion of the field of knowledge 


High quality Meehanite mandrels reduce tooling costs by combin- No engineer can afford to waste his time 
ing dimensional accuracy, high strength, fine surface finish and on work which properly belongs to clerks, 
long service life. secretaries and accountants. If he does, 


| or more information send for ° f , ] ] eating } Sc I ve 
, y ul ree copy of our new brochure 7 I 
Mos peopl | eel sure, would hold 


on Meehanite Mandrels. Write to Meehanite Metal Corporation, that competence is the primary considera 
rtd Nene Avenes, tow Rochelle, New York. tion in any profession Divert the engi- 
neer’s mind from his proper work and he 
loses competence. You don’t see doctors, 
lawvers or dentists wasting their time on 
clerical duties. They are masters in their 
own house, and here is where the engi 
neer falls down 
I'he second greatest need is knowledge 


MEEHANITE CASTINGS ARE MADE ONLY BY MEEHANITE FOUNDRIES. on the part of the engineer as to how he 
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may best serve his employer or client. Odd 
though it may seem, few employers under- 
stand what an engineer can do for them, 
and even more oddly, what he can’t. This 
is a basic weakness in the practice of all 
professions. 

The solution seems obvious—employers 
must learn to deal directly with engineers, 
not through “administration.” The engi- 
neer has an even greater responsibility, he 
must 

1—Refuse to accept employment except 

under proper conditions. For ex- 
ample, he should refuse to work 
under incompetent leadership. 
2—Candidly inform the employer what 
he can, and cannot, do for him. 
3—Reject all efforts to have him per- 
form non-engineering services; leave 
all positions without prospect of 
professional advancement. 
4—Stand up for his rights as an in 
dividual. Support brother engineers 
when they become victims of in- 
justice. —Joun E Ers 
Fair Oaks, Calif 


@ The author replies: 

I can think of no better way to start 
the new year than by stirring up an argu 
ment about the professional status of 
Engineering. But, shucks, Mr Erb’s letter 
doesn’t allow for a rational argument. It 
seems less a rebuttal than an attempt to 
introduce opinions too deeply felt for dis 
cursive reasoning. So I shall regretfully 
pass up the chance for an old-fashioned 
donnybrook. Perhaps I could simply note 
that the article was intended to discuss 
things as they are, not as they ought to 
be 


COMING EVENTS 
FEBRUARY 


1-4... . Institute of Radio Engineers, 
Winter Convention on Military Electron 
ics, Biltmore Hotel, Los Angeles 


7-9 .... Society of the Plastics Indus 
try, 16th Annual Technical & Manage 
ment Conference, Edgewater Beach Ho 
tel, Chicago 


14-16 .. . . Socictv for Nondestructive 
esting & Southwest Research Institute, 
2nd Annual Symposium on Nondestructive 
lesting of Aircraft & Missile Components, 
Gunter Hotel, San Antonio, ‘Texas 


15-16... . Institute of Radio Engi 
neers, American Institute of Electrical En 
gineers, 8th Annual International Solid 
State Circuits Conference. Univ of Penn 
sylvania & Sheraton Hotel, Philadelphia 


26-March 2 American Institute of 
Mining, Metallurgical & Petroleum En 
gineers, Chase Park Plaza & Ambassador 
Hotels, St. Louis 


For a current listing of addresses of so 
cieties and associations send 25¢ to Prop- 
uct ENGINeERING Reader Service Dept, 
330 W 42nd St, NY 36. Ask for bro 




















Write for BULLETIN 5103. 


IT ALL 
ADDS UP 
TO THIS... 


YOU CAN’T BUY 
SURE-FLEX 
PERFORMANCE 
IN ANY OTHER 
COUPLING AT 
TWICE THE PRICE 


Wood’s Sure-Flex Couplings 
not only have full, 4-way flex- 
ing action, but absorb from 5 
to 15 times more shock and 
vibration than other leading 
flexible couplings. They swal- 
low all types and combinations 
of angular and parallel mis- 
alignment and end float. Sure- 
Flex couplings are simple, easy 
to instali. Standard models 
have only 4 basic parts . 

no bolts, nuts, screws, clamps 
or covers. And, they last end- 
lessly (6% million 15° peak 
torque flexes with no sign of 
wear). There’s no metal-to- 
metal contact, no wear, no 
need for lubrication. Available 
in capacities up to 500 hp at 
unity service factor... in 
standard, junior, bushed and 
spacer types. There’s a lot 
more to tell about Sure-Flex. 


T. B. WOOD'S SONS COMPANY . CHAMBERSBURG, PENNSYLVANIA 


* CAMBRIDGE - CHICAGO ~- CLEVELAND - DALLAS 


chure, R 32. 
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These BIG pieces 
of Kennametal* 
provide FIVE 

BIG advantages 


Developed for punching silicon 
steel laminations, which are used 
in ballast-type transformers, these 
one-piece blanking punches—11!4” 
x 244” x 11144”—provide important 
advantages over punches ordinar- 
ily made in sections: consistent 
size of laminations . . . elimination 
of jagged edges . . . longer punch 
life . . . longer runs between re- 
grinds . . . less downtime for clean- 
ing and realigning of sections. 
Kennametal carbides have many 
properties for many applications— 
including some that may be the 
answer to your requirements. 


PROPERTIES: Kennametal hard 
carbide alloys have high hardness; 
resistance to abrasion from 10 to 
100 times greater than steel; high 
resistance to corrosion; high tor- 
sional, compressive, and tensile 
strength; extremely high YME, up 
to 94 million psi compared to 
steel’s 30 million psi. Kentanium* 
titanium carbides have similar 
properties plus lightweight resist- 
ance to oxidation at temperatures 
of 2200°F. and above; and highest 
stiffness-to-weight ratio of any 
metal or alloy. 

APPLICATIONS: Booklet B-666, 
“Proven Uses of Kennametal and 
Kentanium” describes 80 different 
applications of these hard carbide 
alloys. Write KENNAMETAL 
INC., Dept. PE1, Latrobe, Pa. 


*Trademark 33543 


ETAL 
Progress 


in OUSTRY AN 


<> Kei 
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For Your INFORMATION (persona!) _| 


Doodles deluxe for the Space Age 
A really complete kit for making 
geometric space designs in color 
is now available from Science 
Materials Center, 59 Fourth 
Ave, NY 3. It contains boards, 
rings, fasteners and _ colored 
string, to create 3-dimensional 
helicoids, interlocking and semi- 
cubical parabolas, and a host of 
other shapes. A 48-page manual 
tells how to hook them up, and 
contains a simple glossary of geo- 
metric terms. SMC calls it the 
Space Geometrics Lab, prices it 
at $12.95. 


. ta 
ae 


Controlling that ‘‘free’’ energy you don’t want 


* 


A hundred thousand to 3 million amps of current are delivered to the earth 
“free” every second—but in a form we don’t want and can’t use: lightning. 

The Lightning Protection Institute estimates that at least 100 bolts, each 
carrying 1000 to 360,000 amps, strike the earth every second, doing damage 
estimated at $100 million a year. Modern instrumentation and insulation can 
do much to minimize lightning’s hazards. But, the Institute warns, there are 
“magic wand” and “‘atomic’’ devices around that are of questionable value. 

A survey of protective systems plus interesting facts on lightning are con- 
tained in a fact booklet available without charge. Address LPI, 53 Jackson 


Blvd, Chicago 4. 


Palaces of ice on the moon? 


Will our space men find ice—for construction and other uses—on the moon? 
Quite likely yes, says Jack Green of North American Aviation. 

Because the moon’s gravitational attraction is too small to hold an 
atmosphere, it has been thought that no water or water vapor would be found 
there. But, Green points out, in the eternally shadowed areas of the moon the 
temperature is about —238 F and, at this point, the vapor pressure of ice is 
low enough to “admit of the possibility of the persistence of ice over geologic 
time.” On the same basis, sulfur, too, may be found. 

The significance? The importance of the water is obvious. But in addition, 
ice is necessary for the manufacture of rocket fuel, and sulfur can serve as a 
waterless cement or sealant, wire insulation, and structural material—the letter 
produced by briquetting sulfur with volcanic ash. Such a material, Green notes, 
can have a compressive strength of 5000 psi or more. 

It may be a bit early to worry about making one’s own rocket fuel on the 
lunar surface, but these ideas are worth further thought and study. 


Bagpipe for skid resistance 


It probably won’t play a tune; but this “bagpipe” 
will feed grit to your car wheels; and, Koppers Co 
says, “provide a lifetime of safe driving, reduce wear 
on tires and transmission, and eliminate gas waste.” 

Controlled by a pushbutton on the dashboard, the 
unit has a vacuum valve that feeds sand or grit to the 
car's rear wheels through flexible plastic tubing 
(made of Koppers material). The complete “Skid- 
master” kit, priced at $29.95, is made by Napco 
Industries, Minneapolis. —ARG 
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Logansport Machine Co., Inc. * 







A cylinder doesn’t think but you do—and when 
you turn your thoughts to how a machine can 
perform, a lot of things can happen. 


The cylinder responds instantly when acti- 
vated, and does exactly what you tell it to do 
with pre-set adjustments. You can synchronize 
it with the motion of related machines or attach 
it to a moving machine. 


AND THAT'S 
WHERE YOU | 
COME IN... | 


It will produce almost any kind of motion— 
and do so without the use of complex mechanical 
contrivances! 

For more information about Logan products, 
just fill in the coupon below. 


LEONG \y/ 


AIR AND HYDRAULIC OPERATED MACHINES 


Check the items you want, fili in your name and address, tear out and mail to: 


__100-1 AIR CYLINDERS 200-1 HYD. POWER UNITS 
___ 100-2 MILL-TYPE AIR CYLS. 

100-3 AIR-DRAULIC CYLS. 
__.100-4 AIR VALVES 


200-2 ROTOCAST HYD. CYLS. 
200-3 750 SERIES HYD. CYLS. 
200-4 and 200-7 HYD. VALVES 
__.100-5 LOGANSQUARE CYLS 200-6 SUPER-MATIC CYLS. 
__.100-6 ULTRAMATION CYLS. ABC BOOKLET 
__.100-7 SUB-PLATE AIR VALVE CIRCUIT RIDER 

300-1 CHUCKS __CALCULATOR 
___300-2 PRESSES FACTS OF LIFE 


720 Center Avenue, Logansport, Indiana 


Please send copy of catalog 
NAME 

TITLE 

COMPANY 


ADDRESS 





How Ferguson ELIMINATES BACKLASH 
in Index Tables 


Backlash in indexing results in shock loads that 
affect the efficiency of a machine and the quality 
of its product. Most indexing mechanisms have 
inherent characteristics that cause backlash and 
poor dynamic conditions and prevent the designer 
from taking full advantage of modern feeds, tool- 
ing and methods that contribute to production 


economy. 








Ferguson Intermittor Index Tables have inherent 
zero backlash and extreme precision which results 
in a rotary transfer machine base capable of oper- 
ating speeds up to 500 indexes a minute. A Ferguson 
index table never proves to be a limiting factor in the 


speed or performance of an automatic assembly machine. 


HERE’S WHY: The continuously rotating cam 
of a Ferguson indexing mechanism features a 
tapered rib along which two preloaded bearing 
followers roll, maintaining constant contact with 


no clearance between them and the rib. When 


the mechanism is in the rest, or dwell, position, 


a straight portion of the rib locks the followers 
FOLLOWERS with zero backlash and an 
indexing accuracy of .001”. 
Wear on the hardened tool 
steel cam is infinitesimal 
(many have been in use for 
more than 25 years). Fol- 
esal en lowers are rated for a mini- 


NOTE HOW PRELOADED 
FOLLOWERS ENGAGE R/B 


mum of 8,000 hours opera- 
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tion. If backlash occurs after this period the life 
of the drive may be renewed merely by replacing 
the standard followers. 





NO CLEARANCE (ZERO BACKLASH) 


HUB WITH 
PRELOADED 
FOLLOWERS 


HARDENED CAM; 
TAPERED RIB 


FERGUSON INTERMITTOR WITH 12” DIA. DIAL 











Compare this with other types of indexing devices. 
A geneva drive, with its slotted wheel and driver, 
and a barrel cam with a grooved track which en- 
gages one follower at a time, must have clearance 
in the slot or groove to allow passage of the follower. 
The slightest amount of clearance causes backlash. 
As the slot or groove wears, the clearance becomes 
greater and the backlash condition worsens. At the 
higher, more profitable operating speeds poor dy- 
namics cause wear on other parts of the machine. 
The user must choose between frequent downtime 
for repairs or slower speeds . He is the loser 


in either case. 


FREE DESIGN DATA — Load ratings, dimen- 
sions and application and installation information 
about standard and stock Intermittors, Ferguson 
Drives and in-line machines are contained in a 
single 36 page catalog. Every designer should have 
one in his library . . . Write Ferguson—Ask for 


Catalog No. 160. 


FERGUSON 


MACHINE CORPORATION 


A subsidiary of Universal Match Corporation 


7818 Maplewood Court ° St. Louis 17, Missouri 
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THE ATTRACTIVE NUISANCES 


It has been found that we, as householders, can be the 
owners of “attractive nuisances”—discarded iceboxes, plas- 
tic-film garment bags, unguarded swimming pools, climb- 
able backyard structures. They attract youngsters who 
play on, in or with them—and may get hurt. So there 
are ordinances in most municipalities about them. 

Modern business has them, too—the limitations that 
have been built by management in the name of economy, 
simplicity, tradition or some other real or imaginary eco- 
nomic idol. And Engineering too often plays the role of 
the youngster who gets hurt, without any ordinances, or 
even sympathy, to assuage the pain. 

Of course there are those tender souls in Production, 
Purchasing and Sales who swear that it is Engineering that 
is normally at fault, and anything that happens to the 
engineers is thoroughly earned. Take the little matter 
of designs of assemblies and components claimed difficult 
or impossible to make and maintain. There have been 
poems—“‘He had, at last, designed the part that couldn’t 
even be cast!’”” There have been jokes—‘“Next week we 
start designing the machine to make it.” There have 
been curses and recriminations, coalitions and combines 
pledged to build real booby traps for engineers, so any 
“attractive nuisance” seems mild by comparison. 

But let’s consider the “nuisance” anyhow. The com- 
monest is the new management “tool” that will save 
money. Automation, data processing, value analysis, stand- 
ardization, interchangeability. All of these can and do 
save money, of course, but they at the same time build 
a very substantial Iron Curtain around design. They re- 
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strict the designer’s choices, develop in him the tendency 
to use “all-around” parts and materials even when some 
thing special would be the right answer. They tend to 
build complacency and freeze development. 

Automation, for example, demands major investments, 
tends to be inflexible, thus forces continued use of certain 
shapes and processes “until it pays for itself.” Data 
processing involves so much programing, so many tapes 
and punched cards, that there’s a real or intangible pro 
hibition to introduction of new materials; “think of the 
cost of replacing all that painfully accumulated and costly 
data on inventories, cost control . . . etc, etc.’ Value 
analysis, being the cooperative stepchild of Purchasing, 
Production and Engineering, involves so many committee 
meetings, so many agreements and compromises, that there 
is an understandable reluctance to upset the apple cart. 
Standardization and interchangeability also create their 
limitations by hauling out the spectre of parts inventories 
that will never be used, multiple stocks, customer criticism, 
complications in record keeping, duplicate tooling costs— 
“let's not start that all over again!” 

So the engineer wanders amid these attractive nuisances, 
trying to produce something new and better without bat- 
tering his head on invisible fences. ‘Touch one fence, and 
alarm bells ring all over the comptroller’s office, every 
department closes ranks to surround the criminal, and the 
local gendarmerie and the FBI are called in. 

Is it any wonder the engineer treads softly? And when 
he produces his “new design for economy,” the pack yelps 
again—because he didn’t “strike out into new territory.” 





REULAND MOTORS 


Graduate from horse-and-buggy 
motor servicing warranties... 


with REULAND’s “Honor System Motor Service Policy!” 


Reuland’s 15 year old Whether you’re an O.E.M. or a User, when you buy REuLAND electric motors 

er . you can make your decision with confidence. One very important reason, of 

service policy takes course, is that every motor is backed by REuLANn’s 15 year old “Honor System 
the word of any Motor Service Policy”. .. still the only one in the industry! 

. Under this exclusive service policy, your choice of any independent motor 

motor service sh op service shop becomes an authorized REULAND service station. ——- of where 

— o a REULAND motor is in operation, approved service is always next door! 
of your choice. If you would like to talk to a cules manufacturer who really backs up his 
quality and service claims, find out soon how REvULAND can fit into your plans. 


EVERY COMPANY SHOULD HAVE A COPY OF REULAND’S OFFICIAL, PRINTED “HONOR SYSTEM SERVICE POLICY! 


A free copy is available on request. business permits it to offer the industry's 
Explains the simple steps to take. Shows only Honor System Motor Service Policy. 
how Reuland’s unique philosophy of doing We'll mail yours promptly. 


. ed Our new 8-page general line brochure will come in handy! 
Also, refer to Sweet's 1961 Product Design File, 7a/RE. ——_ 
MODERN POWER FOR MODERN-DAY PRODUCTS... a// in lightweight, coo/l-running aluminum frames! 
REULAND ELECTRIC COMPANY 
Western Division — Alhambra, Calif. 
Eastern Division — Howell, Michigan 
® Distributors in all principal cities 
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They work off 
ordinary line ac; 
they do without 


switchover relays 

















now—SEMICONDUCTORS REVERSE 


VARIABLE-SPEED DC MOTORS 


BARUCH BERMAN, chief engineer 
Commercial Products Dept 

ACF Electronics Div 

ACF Industries Inc 


AX motor driving the worktable on a machine tool is 


good example of the need for versatile control. Here, 


conventional, unidirectional variable-speed drive wouldn't 
do. The motor has to be controlled smoothly througho 
its speed range and in both directions of rotation. ‘Truc, 
the problem can be partly solved with reversing switches 
or relavs in series with the controller—this is the conven 
tional wav. Such switchover, however, is abrupt, and 
smooth control during transition is impossible 

But now we have available a “stepless” wav to vary d 
motor speed im full range from forward to reverse—even 


} 


through zero speed. The method uses silicon con led 
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rectifiers arranged in back-to-back pairs. ‘lhes 


tinv SCR semiconductors in the center section of t 
tograph at top of this page. One of the SCR’s applies for 
] 


ward-rotation potential to the motor; th ther applic 


reversing potential. With intentional overlapping neat 
zero speed, full control can be mainta ned throughout the 


transition. 


CONVENTIONAL REVERSAL 


Unidirectional speed controls for de motors are plentifu 
the Editor's Note at end of this article li many of 


them. Most are adaptable to bidirect l op », but 
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For fractional-hp dc motors (electrical interlocking) 


F-/ 


iL 
F 





+o 


Dc, from 
variable - speed 
contro/ 
CONVENTIONAL REVERSING (not shown} 
CONTROLS depend on _ electro- 
mechanical relays to switch polar- 
ity of armature (speed-varying 
part of the unidirectional control is 


JL 


W 
R-/ 














not shown). In both schematics, 
relays are in deenergized positions; 


motor armature is dynamically For integral- hp dc motors (mechanical interlocking ) 


braked. Upper schematic (for 
small motors): motor turns forward +o 


F-/ 





when relay F is energized, and re- 

verses when R is energized. Relays 

are electrically interlocked, but not 

mechanically—jarring might re- 

verse motor. Lower schematic (for De, from 

large motors): mechanical inter- vorioble-speed 
locking of forward and reverse tro! 
relays positively prevents uninten- COMO 
tional reversing of motor. Addi- 
tional contacts (F-3 and R-3) 
connect dynamic-braking resistor 
across armature. 


l 
Ww 


F-3 

: Constant 
Brak ing tield 
resistor _S- 

















require switching of motor terminals at the crossover point. 

Such controls usually use electromechanical relays to do 
the reversing of motor polarity. Two relays are needed in 
most instances, with safety interlocking (electrical or me- 
chanical) to prevent “plugging” (abrupt application of full 
reverse potential) or short-circuiting of the controller out- 
put. 

One example of electrical interlocking of relays is shown 
in top schematic on this page. The normally closed con- 
tacts of each relay are used to short-circuit the motor arma- 
‘dynamic braking”—whenever the relays are in 
the deenergized position. It is impossible even with vibra- 
tion or mechanical shock to short-circuit the controller 
because no contact can simultaneously be in two positions. 
Ilowever, if both relays are jarred simultaneous!y in oppo- 
site directions, motor will reverse instantly from forward to 
reverse. This will not injure small motors that have rela- 
tively little stored energy, but may be troublesome in 
an integral-hp motor. This design is therefore limited to 
fractional-hp drives. 

Bottom schematic shows mechanical interlocking, which 
adds mechanical linkages between moving contacts of 
two or more relays. ‘This method is simply an extension 
of clectrical interlocking. Here, the purpose still is to 
positively prevent interconnection of certain terminals. 
With proper linkage, contacts cannot be pushed or jarred 
into any undesirable positions. Integral-hp variable-speed 
dc motors usually have mechanical interlocking in the 
reversing-relay circuit to: positively connect a dynamic-brak- 


‘ 


ture—giving 
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ing resistor across the motor armature whenever both relays 
are deenergized; disconnect this resistor whenever cither 
relay is energized; and positively lock out one relay when 
the other is energized. 

Relay-type reversing controls are relatively noisy, and 

have the tendency to arc (shortening life and increasing 
hazard of igniting an explosive atmosphere). Another dis- 
advantage is their “deadband” of control at zero rpm. 
(Deadband is that small range of rpm between minimum- 
controlled forward speed and minimum-controlled reverse 
speed. It is also a measure of the “step” change in speed 
unavoidable during reversal.) With relays doing the revers- 
ing, control in vicinity of zero rpm is not possible: relays 
must both be deenergized to stop motor. 
‘ Not all conventional reversing controls require relays. 
There are some bidirectional controllers that use thyra- 
tron-type controlled rectifiers (see Editor’s Note); they will 
work without reversing relays. The circuitry is similar in 
many ways to that for SCR’s—thyratrons are controlled 
rectifiers too. However, the mercury vapor or xenon gas 
inside the thyratron has a long de-ionization time that 
interferes with accurate triggering, and the voltage drop 
through a thyratron is 10 times greater than for an SCR. 
Also, precise control at very low speeds requires compli- 
cated circuits for thyratrons. 


STEPLESS REVERSING 


Stepless reversal through zero speed is possible with the 
SCR’s shown in the schematics on the next page because 
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Non-regulated (open loop) 


High-speed fuses 7 


Conventional 
ac 
supply Static triggers 
(no moving parts) 
Control knob 
(potentiometer) 


Regulated (closed loop) 


oO 


Field 
{/ rectifiers 


Field 





rectifiers 





High-speed fuses = 

















s ‘ 
Conventiono/ @ —_ S 
as Rie Static triggers 











supply \Control knob ond 


Z static speed 
(potentiometer) regulator 











network 





[R-compensation 














NEW SCR CONTROL is fully reversible without relays. 
Triggering circuit (shown as simple box) is heart of drive, 
and controls each SCR independently. Nonregulated ver- 
sion operates in open loop—motor speed varies with knob 


reverse potential can be gradually applied to the motor, 
even before forward potential is removed. This overlapping 
removes the deadband usually found at zero speed. Power 
loss at standstill is almost negligible even though two 
SCR’s are firing (on alternate half-cycles). It has been 
found that the motor does not overheat even though its 
fan is stopped. eS 

To show how back-to-back SCR’s eliminate deadband: 
a 4-hp de motor is running at 1000 rpm, and is to be 
slowed down and reversed until it turns at minus 100 rpm. 
At the 1000-rpm forward speed, the forward SCR is already 
energized (phase-controlled with magnetic trigger) and is 
conducting power. To lower the speed, the SCR is 
phase-controlled to conduct less and less power until motor 
turns at 50 rpm (still forward). Then the reverse SCR is 
slightly energized (while the forward SCR still conducts 
some power) and motor slows down more. When reverse 
SCR and forward SCR are each conducting equally (but 
with very small power) the forward motor torque balances 
the reversal torque—and the motor stops. Further variation 
increases reverse powcr and reduces forward power until 
the desired minus 100 rpm is reached. At no point is there 
in abrupt change in speed or power; and all of the opera- 
tion is controlled by turning a single knob that can be 
located remote from the control. 

If a small deadband is allowable, then firing relationship 
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position but depends on load. Regulated version has com- 
pensating circuit that senses armature potential (a func- 
tion of load and speed) and holds given speed despite load 
variations. 


of the SCR’s can be adjusted to eliminate overlapping, 
reducing standstill losses to zero. 

For instantaneous full reversal of motor polarity, the 
control knob can be moved quickly through entire range. 
An additional feature is transient dynamic braking occur- 
ring during slow-down of the motor; the faster the control 
knob is moved, the greater is the resulting dynamic brak- 
ing. But be sure that impedance of motor is in the correct 
range to limit inrush currents to values less than maximum 
surge rating of SCR’s. 

There are no moving parts, except the motor armature, 
in the SCR reversing drive. All elements are either solid 
state or magnetic; are therefore quict and arcless; and are 
easily protected by encapsulation from adverse environ- 
ments. Life is long because there are no wearing parts 
in the control. One limitation is maximum temperature; 
junction of an SCR must not exceed 300 F, or failure will 
eventually occur. However, conventional controllers (most 
of which use semiconductor diodes anyway) have similar 
temperature limitations. 


Measuring performance 


Performance of the new reversing drive is best measured 
in terms of “speed regulation” and “form factor.” Speed 
regulation is the percent loss in speed (based on full speed 
occurring during application of full torque for a given 
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Performance of SCR Reversing Drive 








‘b 


Form factor, F 

















-100 





100 
% torque 


SPEED REGULATION AND FORM FACTORS here are 
for actual 4-hp de motor driven through regulated version 
of SCR reversing control. Left chart shows typical speed 
regulation if control is adjusted for general duty. Right 


control-knob setting. The left-hand chart above shows that 
there is 2% regulation in a }-hp SCR drive adjusted 
for general-purpose duty. IR adjustment built into con- 
trol allows “flat” regulation (negligible drop) at any given 
speed. 

Form factor is the ratio of (root-mean-square ac flowing 
into control) to (de component actually made available to 
the motor armature). Ideal value is 1.0, but practical value 
for most conventional variable-speed dc motors is 2.2 
(half-wave), increasing slightly (becoming poorer) as 
motor is slowed down. The new SCR reversing drive has 
a form factor of 1.55 at full speed, but has the unique 
characteristic of decreasing radically (down to 1.2) at lower 
speeds. This is an advantage if duty demands much run 
ning at low speed. 

The control discussed here is half-wave—dc current flows 
during the half cycle only. Coming soon is a full-wave 
SCR control that will control higher power and achieve 
better form factor (about 1.2). 











nm 











0 
% speed 


chart (form factor) is plot of ratio of incoming rms ac to 
useful de component reaching armature. Ideal value is 
1.0, practical value is about 1.5. Interesting is the fact that 
form factor actually improves as speed is reduced. 


EDITOR’S NOTE: These recent articles cover reversing 
of variable- and constant-speed motors: 

What They’re Offering in Electrical Controls, Sep 26 60, 
p 40—Machine-tool Exposition report introduces the dec- 
motor reverser covered in this issue. 

Reversal of Electric Motors, Dec 5 ’60, p 84 
12 ways to reverse ac and dc motors. 


Describes 


Many unidirectional speed controls for de motors will 
work in both directions if motor-terminal reversing relays 
are used—see these previous acticles: 

New Speed Control for Dc Motors, Aug 15 ’60, p 41 (also 
by author Berman)—Detailed discussion of SCR control. 
(It is similar to new reversing drive in this issue.) 

New Dc Motors, Mar 31 ’58, p 108—Describes design of 
thyratron-controlled watercooled dc motor, which is con- 
trolled through both field and armature to give wide speed 
range. 

New Variable-speed Motor Drive, Mar 28 ‘60, p 80 
“valuates new reactor-capacitor drive for dc motors and 
compares it with variable autotransformer, simple rheostat, 
and thyratron drives. 


—Franklin D Yeaple 





. 


your index is ready 


A 20-page printed index of all 
editorial content in the issues of 
the last six months of 1960 is 
now ready. Copies may be ob- 
tained by writing “Index Vol 31- 
2” on the Reader Service Card 


bound in this issue. the index for 
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THIS INDEX INCLUDES 


© a subject-classified breakdown of all editorial content 

© an alphabetical index of authors 

© an index of company names mentioned in connection with important 
news or developments. 


The index is issued twice each year, in January and July, and single copies 
will be sent free on request as long as the supply lasts. A limited supply of 


first six months of 1960 (Vol 31-1) is still available. 
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Voltmeter Projects 


Readings Movie-style 


Strobe lights flash 25 readings a second on screen— 


observer’s eye takes out the flicker. 


Strok é Sca/e 
‘OMPS numbers 
nside 


PROJECTION SCREEN on front flashes 25 successive 
readings a second, jut persistence of vision blends the 
readings into a continuous image just ag it does with a 
movie 

Projector behind the ground-glass screen consists of 
strobe lamps and a drum rotating at 1500 rpm. On its 
outer surface is a transparent filmstrip with numbers 0 
to 250, which stand for test voltages. Each revolution of 
the drum passes this sequence of numbers in front of the 
strobe lamps. At the right number they fire, projecting the 
reading on the screen through a lens system. It’s done 
this way: 
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PS .. . Digital voltmeter has scales 
for 2.50, 25.0 and 250 v dc; 0.25- and 
2500-v de scales are optional. Alternate 
method of presentation makes it pos- 
sible to take readings of fluctuating volt- 
ages: Scale appears to slide smoothly 
across window—like a meter which has 
a rotating-drum scale and stationary 
pointer. Controllable damping smooths 
out rapid voltage fluctuations. Instru- 
ment, which has accuracy of 0.5% full 
scale, is made by Electro-Logic Corp, 
Venice, Calif 


Controlling the strobe lights is an electronic circuit that 
continually compares test voltage against output of a poten- 
tiometer. Potentiometer and drum are connected to each 
other and to a drive motor so they rotate at same speed. 
As the potentiometer rotates, a finger picks up the com- 
parison voltage which varies linearly from zero at the be- 
ginning of a turn to a maximum at the end of a turn. At 
the instant the test voltage and this varying voltage are 
equal, the strobe lights fire, projecting a number corre- 
sponding to potentiometer reading. Another electronic 
circuit adjusts firing time so that the projected number is 
always centered on screen 
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Strain-gage Transducer 


Has Infinite Resolution 


Resistance in millivoltmeter’s balancing circuit 


BRUSHED ALUMINUM FRAME and neutral 
gray mat surround the charts, pointers and 
scales to allow easy reading regardless of light 
levels and surrounding They also 
provide an easily changeable front panel to 
match the interchangeable modules that make 
up the various strip-chart, circular-chart and 
circular-scale indicating models. The alumi- 
num frame isolates each instrument from its 
neighbors in large, multiple installations—yet 
a unifying identity to such 


is varied by stretching current-carrying wires. 


This gives continuous range of readings, not bro- 
colors. 


ken into steps. 


it can also lend 

control displays. 

Pointers are red for maximum visibility and 

have been made as large and as free of other 

elements in mounting as operating considera- 

Balancing tions such as weight would allow 
motor 


Strain-gage 
tronsducer 





BASIC DIAGRAM shows how the strain-gage 
transducer (Stranducer) balances the milli- 
volt input from a sensing device such as a 
thermocouple, or any other d-c_ millivolt 
source, against the voltage produced by a 
wheatstone bridge and constant-voltage 
source, A rise in the thermocouple tempera- 
ture increases input voltage Ey,-. When this 
occurs, the thermocouple voltage Eye. no 
longer equals the bridge voltage E,, and an 
error signal or potential E, is produced. The 
amplified error signal rotates the balancing 
voltage motor. This rotation alters the position of 
unit the strain-gage transducer which, in turn, 
changes the resistance of the bridge network 
until the circuit is rebalanced. When Eve — 
E,, and E O, the motor stops. 


Thermocouple 


RK 











Constant 























PS... Potentiometer, a self-balancing precision millivclt meter, 
can measure, record, or control such variables as pH, spectro- 
graphic quantities, radiation, speed, vacuum, mechanical strain, 
temperature, pressure, flow. The 3 basic models available are 
circular-chart recorder, and circular-scale 
Instrument features include: continuous-balance po- 


strip-chart recorder, 
indicator. 


tentiometer system with infinite resolution; modular construction; 


universal cold-junction compensation; greater than 100,000-ohm 
input impedance, with up to 50,000-ohm allowable source im- 
pedance; 31-dey recording with strip charts; 24-hour recording 
with circular charts; calibrated accuracy of + 0.25%. Changing 
one printed circuit card changes instrument range. Industrial 
design by Henry Dreyfuss, NYC. ElectroniK 17 is produced by 


Minneapolis-Honeywell Regulator Co, Brown Instrument Div. 
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Pivot arm 


Wire stronds 





A 
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fe | 
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Drive shaft 


Drive sector 


Drive strap 


Pivot orm 


Wire strands 


— Circuit boord 


Wiring drowbridge 


ELECTROMECHANICAL STRAIN.- 
GAGE TRANSDUCER replaces the 
conventional slidewire, this eliminates 
contact problems and extraneous elec- 
trical effects, and provides infinite, not 
stepwise, resolution. Four looped-wire 
strands form the variable-resistance 
legs (Wheatstone bridge) of the meas- 
uring circuit. Both ends of each wire 
are attached to an insulated anchor 
block located at the base of the frame 
This block acts as a heat sink. Upper 
section of the frame houses a horizon- 
tal torsion pivot, center of which is a 
pivot hub over which the four wires 
are looped. A pivot arm attached to 
the hub is mechanically linked to the 
circuit-balancing motor by two stages 
of strap and sector reductions. The 
straps and sectors are kept under ten- 
sion by torsion force of the pivot plus 
a spring. Any movement of the bal- 
ancing motor produces a_ torsional 
movement of the pivot. 

A change in input voltage drives 
motor in one direction or the other 
This increases tension on one pair of 
the looped wires, decreases tension on 
the other pair, and alters the resist 
ance of the wires Resistance con 
tinues to change until the electrical 
bridge is rebalanced. When the bal 
anced position is reached, motor move 
ment stops. 

The pen carriage or indicator pointer 
is also linked to the balancing motor 
and the same movement that balances 
the bridge, positions the pen or 
pointer. These units are in phase at 
all times 


INSTRUMENT PACKAGING is based 
on three building-block modules which 
can be assembled in various combina- 
tions to perform the desired function 
Display module can be removed or in- 
stalled with a screwdriver for service 
or conversion of strip-chart recorder 
to circular-chart recorder or circular 
scale indicator. Drive module is com 
mon to all instruments in group. This 
module houses Stranducer, range card 
actuation board, amplifier and zener 
supply unit. Removable side-panels 
provide ready access. Case module is 
common, fits standard 19-in. relay 
rack. With carrying handle attached 
to case, unit becomes portable. Case 
houses drive and display modules 
drawer-type chassis, wiring draw- 
bridge, control units and their power 
supply plus a terminal board on the 
rear, 








nine lectures on 
MECHANISMS 


9... POWER 
YLINDERS— 


intermediate 
positions 











KURT HAIN, Institute for Fundamental Research, Brunswick, Germany 


I, power-cvlinder mechanisms it is sometimes desirablc 
Translated by F R Erskine Crossley, Yale University 


to divide the output angle into several equal portions 
which are predetermined and controlled by partial stroke 
lengths of the cylinder piston. The problem here is to 


Graphical methods solve the coordination coordinate the linear motion of the piston with the angular 
=r : re , otion of the mechanism. Consider, for ¢ le, the 
of linear motion of piston with angular mo- eee ee ene nes aida 


: mechanism in Fig 1(A) which is designed to lift a weight 
tion of mechanism. G of 200 Ib through an angle ¢, +5. Dividing this angle 
into 3 equal parts gives ¢ 15, & 30, 
Assume the corresponding lifts to be h ] 
103 in., and h )} in. Amounts of work required are 


Ghy 2900) Ib-i 
{ Ghz 2050 Ib-in, 


As Ghas 1850 Ib-in 


If the piston stroke is assumed to be 
piston displacements for intermediat 


3.03 in. 





Pivoted cylinders 


One choice of mechanism for lifting this weight G with 
center of gravity S is shown in 1(B) with a side-pivoted 
cvlinder. While this type of arrangement permits a com 
pact design, the offset pivot creates a side thrust which 
requires cylinder guides capable of withstanding the turn 
ing moment. A compound linkage, however, offers mor 
efficient transmission of the piston force. 

Fig 1(C) shows how a compound linkage can be laid 


1. LAYOUT OF A LIFTING LINKAGE (A) for predeter- 
mined positions. (B) Pivoted power-driven cylinder can be 
applied to lifting linkage to give a compact design as shown 
here, but at expense of high side thrust. (C) This layout 
coordinates intermediate positions of piston with cor- 
responding positions of output swing determined in (A) 


From the text for the Refresher Course in Mechanism 1959/1960, 
arranged and sponsored by the Chamber of Commerce & Industry of 
the City of Brunswick, Germany, in cooperation with the Division cf 
The Science of Mechanism of the Society of German Engineers (VDI). 
Course director: Kurt Hain. 
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7” 


a 


PAS) 
—o--— 


(A) &§ 


3. ANOTHER SOLUTION (A) by the point-position-reduc- 
tion method may be desirable for some applications. 
Resulting linkage is shown in (B) 


out for a pivoted-cylinder arrangement with 3 partial 


strokes, Sj, Sis, and sy, and the corresponding angular dis 
placements ¢ 15, ¢ 30 and d, 45 already deter 
mined. The distance 5, is chosen as the base of an isosceles 
triangle, in which the angle of swing ¢,, is the apex angle 
[his establishes point A, and also the length of arm 
A.A’ A.A’, then from angles 4. and ¢,, the points A’ 
and A’, can be found. Now if the perpendicular bisectors 
of A’.B, and A’,B, are drawn, their point of intersection 
will locate the point B., which is the pivot point for mount 
ing the power cylinder. After this, the given dimensions 
of the four-bar linkage such as determined in Fig 1(A) 
can be laid out. Dimensions of the particular power 
cvlinder chosen will determine the distance AA’, which 


can be usually adjusted to suit at assembly. 


Fixed cylinders 


For fixed cylinders there are two fundamentally differ- 
ent solutions as shown in Fig 2 and 3. In Fig 2(A) the 


three given partial strokes s,., S., and s,, are shown together 
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2. FOR FIXED CYLINDERS (A) coordination of intermedi 
ate piston and output-are positions is determined by the 
point-position-reduction method. This layout gives one solu 
tion, and its application is shown in (B) 


with the corresponding angular displacemet 
db 30, and & +5. The distance s 
base line of the isosceles triangle B,A.B,, with 
ipex angle. With A, as a turning point, | 
swung through an angle é,, and the line A,B, through 
angle ¢,, in the opposite sense of direction to that in 
which the link A,A’ turns from its station 1. These rota 
tions move point B, around to B,, and B, to B If point 
B, were similarly turned back through the angle ¢ B 
would be found to coincide with point B 
is a result of the construction with the 
ind is an example of the so-called point-position-reduction 
method. The center of the circle, which can be drawn 
through the three points B,,B.,, and B,, is tl 
which determines the crank length A,A’ 
next described through A’, with center a 
cut with arcs with centers at B., B,, and B, and radii equal 
to the length B,A’ This establishes point + Me ana 
\’,, which form the equal angles, A’,A,A’ VA 
\’,A,A’,, and completes the desired coordination of the 
partial piston strokes with the crank angles 4. 

Fig 2(B) shows how the four-bar linkage thus developed 

coupled to the lifting ACC, and the 

fixed cvlinder. Once again, tl i-bar linkage 


inv adjust 


can be 


can be swiveled around point 
ments that may be required by the particular power 
der that is chosen. When the 
the distance AA’ will be established 
Fig 3(A) shows the second method for 
design of a four-bar linkage actuated bv a 
cvlinder. Again, the isosceles 
partial stroke s s 
base in this example. Th 
With center at this apex point A 
drawn to pass through A’, and A’,, and with 
d,, and ¢,s, points A’, and A’, are located. In the directi 
of the baseline A’,A’, and parallel t, we now move the 
point A’, through a distance s,. to A’.,, and the point A’, 
through a distance s,, to A’ 


db 30 


these displacements must 
be in opposite sense of direction to which piston wrist pin 
moves when passing through corresponding stations 

Similarly, point A’, can be shifted through the distance 


, 


S,, and it would coincide with point A’,,; this is another 
example of the so-called point-position-reduction method 
lhe circle which passes through the three points A’,, A’ 
and A’,, is drawn, and its center is the point B, of the 
linkage. The line of action of the piston is the line through 
B, parallel to the base line A’,A’, of the isosceles triangle. 
The succeeding three points B., B, and B, are located by 
striking off arc from the centers A’,, A’, and A’,, all having 
a radius equal to B,A’,. This means that: 
B.B Se, BB S.5, and B,B, Sy 

In Fig 3(B) the four-bar linkage thus developed is 
shown coupled to linkage A,ACC 
be adjusted relative to point A, to establish point A 


7 
ind again linkage can 


REPRINTS: The nine articles in this series will be avail 
able as a combined reprint for $1.00 after the series is 
complete. Address: Reader Service Department, Product 
Engineering, 330 W. 42nd St, New York 36 





7 reliability tests for 


SYNTHETIC - 
RUBBER 
COATED 
FABRICS 





A previous article (Oct. 26 ’59, p 68) 
discussed the factors governing the 
selection of coated fabrics for indus- 
trial] diaphragms. When the selec- 
tion has been narrowed down to the 
group of fabrics likely to serve a 
specific purpose, the series of tests in 
this follow-up article will find the 
most suitable among the selected 
fabrics, and ensure that the fabric 
will perform satisfactorily under the 
service conditions. 


1 . . ADHESION TEST determines peel-strength adhesion 
between two plies of fabric, or between surface coating and 
the fabric. It also serves as a quality-control test. A 2-in.- 
wide sample of the material is inserted in a Scott Tester. 
The jaws separate at a speed of 12 in. per minute. The 
pawls, which normally keep the weighted arm from drop- 
ping back, are raised so that the fluctuation in adhesion 
can be read from the dial. Peel-strength value is expressed 
in pounds per inch of width. When testing adhesion be- 
tween coating and the fabric, two samples are cemented 
together to prevent stretching the coating. Reference 
tests: Fed Spec CCC-T-191b, Method 5950; and Fed Std 
No. 601, Method 8211. 


R R LEWIS 
Staff engineer 


Vulcan Div, Reeves Brothers Inc " 


N : 
” York City TEST CATEGORY AND 
DESIGNATION 


TEST METHODS APPLICABLE TO SYNTHETIC RUBBER-COATED FABRICS 
(tests listed in heavy type are those covered by pictures) 








TEST TITLE 





The seven most common tests for ADHESION: 
Fed Spec CCC-T-19ib, 


coated fabrics are illustrated in this Method 5950 


series of pictures. Wherever a specific 5960 Adhesion of Cemented Seoms 

standard test method is shown, ref- poe —— _ poe vga 

erence is made to it in the photo cap- 5970 Adhesion of Coating—Solvent Method 

tion. The accompanying table lists 5972 Adhesion of Coating—Water-resistance Method 


Adhesion of Plied (Double-texture) Fabric 


these standard tests, along with a num- Pan aes Nes S08, 

ber of others that can be specified. 
If all facilities for conducting these 

tests are not available, you can nor- 


Method 6411 
8031 
8211 
8311 
ASTM, 


Adhesion, Change in Hose, immersion 
Adhesion, Rubber to Metal 
Adhesion, Coating to fabric 
Adhesion, Seams (seam strength) 


mally rely on the fabric supplier to Method D751-59T 
perform these tests for you. Tests 1 ~~ o 


Testing Coated Fabrics (adhesion of coating to fabric) 
Adhesion of Vulcanized Rubber to Metal 


to 6 are standard procedure in prod- 
uct development and in quality con- 
trol at the Vulcan Div of Reeves 
Brothers Inc. Tests 7 and 8 are part 
of the test procedure at Bendix-West- 
inghouse Automotive Air Brake Co. 
Because of the critical application of 

text continued, page 40 


D413-39 Adhesion of Vulcanized Rubber (friction test) 





LOW TEMPERATURE: 
Fed Spec CCC-T-191b, 
Method 5874 

Fed Std No, 601, 

Method 5211 
5311 
5321 
= 5611 

Mil Spec C-20696 
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Temperature, Low, Effect on Coated Cloth 


Low Temperature, Flexibility, Bending Beam 

Low Temperature, Brittleness, Motor-driven Apparatus 
Low Temperature, Apparatus 
Low Temperature, Stiffness, Torsional — 
Cloth, Coated Nylon 
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tlle. 


2 . . COLD-BOX TEST determines the temperature at 
which coated fabrics crack—important to know for fabrics 
that may have to perform outdoors in cold climates. Shown 
here in one cold box are three different methods: At left: 
a bent loop and hammer test. The weight being held up 
by the operator is allowed to fall on the bent-loop sample. 
Cracking of the fabric indicates failure. At center: a test 
jig specified in MIL-C-20696; Cloth, Coated Nylon. Two 
l-in.-.wide samples, are shown threaded under a \-in.-dia 
bar which forms the hinge between the center plate and 
the shorter plate on each end. To perfom the test, end 
plates are lifted and then allowed to drop on the center 
plate, flexing the sample around the bar. Sample is then 
examined for cracks in the coating. At right: a 10-lb roller 
used in Fed Spec CCC-T-19lb, Method 5874. An 8-by-8-in. 
sample is exposed flat and, at the proper test time and 
temperature, is folded in one direction and the roller is 
run over the fold. Sample is then folded the other way 
and roller pressure again applied. Sample may be examined 
for cracks, or tested hydrostatically. 

All these tests are performed at progressively falling 
temperatures until cracking occurs. Sufficient time must 
be allowed at each temperature plateau to allow samples 
and equipment to reach equilibrium. A thermometer is 
read through the window at left 





3 . +» SWELLING TEST determines the 
percentage volume change when samples 
are immersed in various liquids. Besides 
LOW TEMPERATURE: (continued) indicating which liquids can be expected 
ASTM to have a damaging effect, it serves as a 
7 . 

Method D736—54T Low-temperature Brittleness of Rubber & Rubberlike quality control. Oblong-shape samples 
Materials that will slide readily into a glass storage 
D746-57T Brittleness Temperature of Plastics & Elastomers by Impact tube are prepared. Immersion in a grad- 
D1053-58T Measuring Low-temperature Stiffening of Rubber and uated clyinder (on scale) gives volume of 
ponent Materials by Means of a Torsional Wire the sample. Alcohol is widely used for 

ara : etinee -% aan 
D797-58 Young's Modulus in Flexure of Natural and Synthetic Haro + saragereeod er ae 7 ee 
Elastomers at Normal and Subnormal Temperatur ; , fee gape i etic >= wae 
wed ° Ser de clear. Sample is then dried and trans- 


ferred to a glass storage tube (in rack at 


SWELLING: - stg , 
Fed Std No. 601 right) containing the swelling medium to 


Method 6211 Change in Volume, Liquid Immersion be studied. At stated intervals, after stor- 
6231 Change in Thickness, Immediately After Liquid immersion age at the desired temperature in a closed 
= oe in a Liquid Immersion, After Recovery tube, the sample is removed and dried 

ange in Weight, Liquid Immersion rapidly and carefully. Volume is again 
6311 Change in Laminated Materials, Liquid Immersion measured, and any increase is recorded 


ASTM, : ‘ Be 
Method D471-59T Change in Properties of Elastomeric Vulcanizates” Result- as a percentage of the original volume. 


ing From Liquid immersion 
D378-51T Testing Flat Rubber Belting—Oil-4immersion Test 


table continued, next page 


— = — - —A__. 
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coated diaphragms in air brake com- 
ponents, tests 
on coated fabrics are probably more 
severe and thorough than in any other 


Bendix-W estinghouse 


industry. 


EDITOR’S NOTE: Recent articles on 
materials and that depend 
upon fibrous raw materials, either nat- 


processes 


choice in most commercial-volume ap- 
plications, 

Coatings and Fabrics for Today’s 
Diaphragms, Oct 26 ’59, p 68—Selec- 
tion charts guide you to the right base 
fabric and elastomer coating. 

Applications and Treatments for 
Felts, Mid-Oct ’57, p C-8—Discusses 
five treatments that give felts special 
properties and summarizes the engi- 
neering situations where they find use. 





Fiber-base Structural Materials, Feb 
57, p 164.—Ready-reference chart lists 
properties of three vulcanized-fiber 
grades, compares them to those of six 
other load-bearing materials based on 
natural fibrous materials. 


ural or synthetic, include: 

Which Process for Fiberglass-rein- 
forced Plastic Molded Parts, Jan 11 ’60, 
p 47—Special report selects 7 key proc- 
esses out of the 15 available; explains 
their strong and weak points; shows 
one or the other becomes logical Ford Park 


how 


TEST CATEGORY A 
DESIGNATION 
TENSILE: 
Fed Spec CC-T-191b 
Method 5100 
5102 


TEST TITLE 


4 .. TENSILE TEST, known also as 
the determines breaking 
strength of a piece of fabric. Ap- 
plicable to both coated and uncoated 
fabrics, it determines one of the most 
important mechanical properties of 
cloth. Five samples, each 4 in. x 6 in., 
are cut parallel to the warp and five 
parallel to the filler, then inserted in 
the Scott Tester so that exactly the 
same group of yarns is being held in 
both the upper and lower jaws. These 
jaws, three inches apart at start of 
test, then separate at speed of 12 in. 
per minute. The breaking strength is 
read from dial. The pawls on quad- 
rant hold the weighted arm at the 
breaking point for record purposes. 
teference test: Fed Spec CCC-T-19lb, 
Method 5100. 


Strength and Elongation of Woven Cloth, Grab Method 
Strength and Elongation, Breaking, Woven Cloth (cut 


strip) 

age and Elongation, Breaking, Woven Cloth (ravel 
strip 

Strength of Cloth, Diaphragm-bursting Method 


Cotton Goods for Rubber and Pyroxylin Coating 
Testing of Coated Fabrics 


grab test, 


5104 


5122 
ASTM, 
Method D334—40 
D751-~S9T 





WICKING: 


FLAMMABILITY: 

Ped Spec CCC-T-191b, 
Method 5900 

5902 

5904 

5906 

5908 

5910 


No standard tests exist similar to this special test 





Flame Resistance of Cloth, Horizontal 
Flame Resistance of Cloth, Vertical 


Rate of Cloth, 45° Angle 
Rate of Cloth, 30° Angle 





5 .. WICKING TEST is a special—it determines 
the pressure a coated fabric can withstand with- 
out leaking gas radially through the fabric center 
from an open edge or through a pinhole in the 
coating. Gas entering the fabric this way bleeds 
through the flanges to the outside edge. The 
flange-clamping pressure must be just sufficient 
to prevent loss of gas between the sample and the 
flanges, but not so high as to impede flow of gas 
through the yarns. variations in the 
sample are used: a center hole with exposed edges, 
no hole other than a pinhole made in the coating 
on the pressure side, or a lapped seam to study 
methods of seaming. Sample shown here pro- 
trudes about an inch from the holder. Central 
portion of the holder has a generous cavity above 
and below the sample, and the flange bolts are 
with a torque wrench. Test 
jig, connected to a gas supply, is immersed in 
water. pressure is raised gradually until 
of bubbles are visible at the yarn ends 
around the periphery. This test was developed by 
Reeves-Vulcan engineers as a rigorous check on 
coated fabrics for diaphragms used where pressure 
cannot be tolerated. 


Several 


carefully tightened 


Gas 


streams 


loss 





6. . FLAMMABILITY TEST 
measures flame resistance of 
a coated fabric. The sample, 
2%, in. x 12 in., is clamped be 
tween metal flanges and sus- 
pended in a metal cabinet to 
shield it from drafts. Size of 
the flame with standard gas 
fuel ig specified, and it is 
placed under the sample for 
12 seconds. Without opening 
the cabinet, the burner is then 
pulled away. 4 stopwatch 
measures how long the flame 
persist after burner is _ re- 
moved. Then, the length of 
afterglow time is recorded 
persists after burner is re- 
moved and the char length is 
measured, Reference’ test: 
Fed Spec CCC-T-191b, Method 


5902, 





SYNTHETIC 
RUBBER 
COATED 
FABRICS 


7 OPERATIONAL TESTS are a 
fiual check and are run—either in the 
laboratory or the field—on the actual 
equipment for which the coated fabric 
was designed Shown here are two 
examples, setups designed by Bendix- 
Westinghouse Automotive Air Brake 
Co to check brake-diaphragm mate 
rials 

At top: a valving setup for a trailer 
air brake system is tested on a spe 
cially designed pressure console. Here, 
the diaphragms, installed in the actual 
components, are checked for such 


operational characteristics as: air 
flow, leakage, wicking, response to 
pressure differentials, noise and creep 
Panel registers every type of air load 
and change in load through air gages, 
timers, counters etc. Typical test lasts 


100 hr. 

At bottom: life-test room where B-W 
checks whether a unit and its individ 
ual components, such as the dia 
phragm, retain full operating charac- 
teristics for at least 1 million cycles 
at max pressure Several hundred 
items, brake cylinders as well as air 
valves, are tested simultaneously 
Other operational tests are often 
adapted from tests 1 through 6. For 
example, a brake diaphragm that posed 
special wicking problems had a 
breather hole, %4 in. from outer edge 
connecting top and valve chambers. A 
special wick-test jig applied 100-psi air 
pressure to edges of the breather; any 
seepage through the fabric was de 
tected at the outer edges by means of 
a soap solution 


For REPRINT of above article, just check 
581 on one of the Reader Service cards 
bound in this issue. 





AREA HEAT SOURCES 


answer to hot-spot temperatures 


These heating elements use flat conductors with 
maximum surface area and intimate contact 
for lower temperature differential. Performance 
characteristics are tabulated here for five basic 
types and compared with single-wire heating 
elements. 


RALPH E CRUMP 
Electrofilm Inc 
North Hollywood, Calif 


T wo kinds of jobs can be done by the method of bond- 
ing a low-temperature area heater to the surface of a part. 
Intimate contact plus uniformly distributed heat can 
bring the part up to temperature at a fast rate; or provide 
a thermal dam that prevents a part from losing heat to its 
environment. The fast-rise application calls for relatively 
high heat generation, 20 to 50 watts per sq in.; steady- 
state conditions usually need watt densities of 5 or under. 
In either case, the bonded-surface heating elements can 
cover large, curved and irregular areas with uniformly dis- 
tributed heat. This contrasts with a single conductor that 
operates at high temperature and delivers hot-spot heat. 

The conductors of the area heat source may consist of 
woven wire mesh, sprayed-on metal or compositions, and 
graphite fibers. Heating elements are bonded to a thin 
(usually 0.005 in.) insulating film on the part, and are 
then covered with a protective film or sprayed-on coating. 

These heaters add from 0.012 to about 0.050 in. to the 
thickness of the part. With such close spacing between 
heating element and part the temperature difference is 
small and rate of heat transmission is high. 

Weight is in the range of 0.1 to 0.2 Ib per sq ft, but 
may be as low as 0.04 for graphite fibers and up to 0.3 
for sprayed metal conductors. Each type has its own par- 
ticular advantages and limitations, as shown in the table, 
and vary in maximum temperature, resistivity, abrasion 


resistance, flexibility, uniformity, cost and size range. 
text continued, page 44 
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» »« Woven Wire Mesh 
Detachable flexible heating blanket 
Rigid contoured separate heater 


Or permanently bonded to part 





HEATING ELEMENTS FOR AREA HEAT SOURCES 





Woven Sprayed-on Conductors Graphite 
wire mesh fibers 
metal composition ceramic 


Surface temp, mox deg F 600 250 300 600 2300 600 











Unit resistance, ohms per square 0.02 to 20 0.02 to 20(1)| 0.05 to 2 (2) | ———— 





Watt density, max watts /sq in. 15 15-30 40 15-20 
Total-thickness range, in. 0.011 to 0.015 | 0.02 to 0.03 | 0.025 0.01 to 0.06 
Weight, Ib per sq ft 0.07 t0 0.12 | 0.12 to 0.25 0.08 to 0.15 
Cost, finished, $ per sq ft 3 to 25 2 to 50 12 to 50 2 to 50 


Size range 1 sq in. to 1 sq in. to less than 
40 sq ft 4 ft sq 


Uniformity over heated area High High Good (3) Fair High 
Sturdiness High Good Good Fair Fair 












































Notes: (1) Unit resistance is difficult to control with ision. (2) a limited r: available at present. (3) Uniformity decreases with operat- 
ing temperatures above 200 F. (@ Limited auly by ths heoo metal sin sa . _ 
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2 .. Sprayed-on Composition 


Keeps hydraulic fluid in pipe from losing heat 


UNIT RESISTANCE 


For a bonded heating element of uniform thickness, 
resistivity is conveniently specified by “unit resist- 
ance” in ohms per square. The “square” may be in 
any dimensional unit as long as the thickness is fixed, 
since resistance of a conductor is proportional to 
length divided by area. If thickness is assumed con- 
stant, the resistance is then proportional to length 
divided by width, and the dimensional units cancel. 

Unit resistance ¢ in ohms for a given conducting 
material is stated for a specific thickness; for any 
other thickness the resistivity varies inversely with 
thickness. Heating elements of the type discussed 
here are in the range of 0.03 to 50 ohms per square 
for 0.005-in. thickness. 

Heat produced by a given configuration is readily 
calculated from the unit resistance for the selected 
heating element. First, find resistance R between 
terminals: 

% L 

tw 

where t is thickness, L is length and W is width, all 
in inches. 

To calculate watt density w for a given supply 
voltage E, 


R= 


= is 
R(L Xx W) 
Substituting for R in this equation 
y wae ge tae 
u $ D ort = —— 2 
This shows the important relation between 
and supply voltage (squared quantities), and the need 
for materials with a wide range of unit resistance to 
keep thickness within reason for differing length or 
voltage requirements. 


w 


B 


Can be bonded to irregular areas and shapes 


Woven wire mesh 


Closely spaced fine wires in parallel—up to 50 per in 
carry the current. They are held in position by a woven 
cross-wire which keeps the width constant and serves as 
electrical tie between the strands. For a given watt density, 
multiple conductors distribute heat more uniformly than 
a single larger conductor and operate at lower conductor 
temperature for a required watt density. Also, multiple 
conductors with cross-wires offer parallel paths if a wire 
becomes broken. 

Ihe woven-wire tape is bonded to a laver of flexible or 
rigid insulation, and covered with glass or nylon cloth 
impregnated with thermosetting or thermoplastic resin. 
[he laminated conductor may be bonded to the part 
requiring heat, or may be a rigid detachable contoured 
heater or a flexible blanket. 


Sprayed-on conductors 


[hree types are common—sprayed metal, a mix of con- 
ductive particles in a resin binder, or a ceramic-metal mix. 
For all types a thin insulating base, about 0.005 in. thick, 
is sprayed directly on the part. The conductor area is out- 
lined with a mask and the conductor applied and cured 
Chen, a hard abrasion-resistant insulating coating is added 
to protect and insulate the conductor. 

Electrical resistance of the heating element depends on 
resistivity of the conductor, its thickness, and length and 
width of the conductor. 

Resistivity of spraved metal is much lower than for 
composition types consisting of metal particles in a binder. 
The length of a sprayed metal conductor must be in 
creased and the width reduced by masking to match 
usual supply voltages. The resistance value remains stable 
after application, and can be corrected if necessary by 
sanding or adding metal. Thickness is ordinarily in the 
range of 0.020 to 0.050 in.; and unit weight is 2 to 3 
times that of a composition element. Cost is also higher 
but much higher watt densities can be used. 


Composition elements are conductive pigments—silver, 
aluminum or graphite—in a resin binder. These coatings 
usually are sprayed thin, about 0.005 in., and total thick- 
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Single-wire Heaters 


A 


A—Wire is sandwiched between layers of resin-impregnated 


could be bonded to part 


cloth, but 


B—Watt density is varied, from 20 watts per sq in. at the tip to 7 at the 


base, by varying wire size and spacing 


ness including insulation may be no more than 0.015 in. 
his gives a weight of about 0.10 Ib per sq ft, obtained with 
good uniformity. Maximum service temperature is about 
350 F, since higher temperatures mav cause change in 
resistivity through further curing of the resin 

Ceramic-bonded material using frits containing parti 
cles of silver, stainless or tungsten can be operated at 
600 F or higher, but the high curing temperature of 900 
to 1000 F poses a problem in insulation and warping of 
the part. The insulating laver should be thin to transmit 
heat, but thick enough to reduce electrical leakage at ele 
vated temperatures. The heating element has little flexi 
bilitv, only fairly uniformity in resistance, and thickness 
is difficult to control. The metal surface of the part re 
quires careful preparation to produce a good bond, and the 
coating is easily damaged by impact. 


Graphite fibers 


This new nonmetal 


conductor is prepared bv a process 
that “carbonizes” cloths of organic fibers. The resistance 


element looks and feels like a textile but has the high-tem 


perature properties of graphite, often with an actual 
increase in strength. As with graphite, the resistivitv de 


creases with temperature bv a small amount, while the 


other forms of heating elements increase in _ resistance 
with temperature. 

Graphite fibers can be operated at temperatures as high 
is 2500 F, but for area heat sources the temperature is 
limited by the insulation. Woven glass, quartz or ceramic 
fibers may be used when a high operating temperature is 
needed. High watt density needed to reach a high tem 
perature involves high currents, with accompanving prob 
lems in getting the current into the conductor without hot 


7 
spots it terminals 


EDITOR’S NOTE: These earlier arti- 
cles discuss problems encountered in 
heating or cooling by conduction, con- 
vection or radiation: 

Radiant Cooling or Shielding, Nov 14 
60, p 55—Emissivity data and design 
techniques for balancing heat input 
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and radiation, with brief discussion of 
radiant-heat transfer theory. p 54—Shows how to estimate whethe1 

High-temperature Electrical Equip- an assembly will run too hot, and 
ment, Sep 26 '60, p 56—Describes elec- 
trical components and materials built 
to stand high temperatures and kept 
cool by radiation, 


High temperatures also introduce problems in fastening 
the heater to other than horizontal surfaces. Also, insula 
tion thickness must be heavier, which increases cost and 


weight. 


Single wire 
This is the familiar type—inexpensive and readily avail 
ible—but requiring higher wire temperatures for a desired 


watt density. This introduces problems in heating uni 


formity and degradation of insulation. Further, one break 


in the conductor puts it out of order. Unit weight is low, 


ind resistance to abrasion is better than for spraved-on o1 


graphite elements. 


Other design details 


Termination of conductors consisting of fine wires 01 
thin films requires a bus construction of low resistance, to 


reduce heat generation at the terminal. For woven wire, 


spraved metal or carbon fiber elements the bus may be 


lamped to the heater; for 
spraved-on composition heaters the bus may be copper 


mesh or a high-conductivitv resin mix. The high-conduc 


copper mesh or strip soldered ot 


tivitv bus is then brought to a screw terminal or insulated 
evelet, or leads are soldered directlv to a metal bus. Where 
one end of the heating element can be grounded, a singl 
terminal post can provide both a grounded and an insu 
lated connection. 

Special protective coatings can be supplied on lower 
temperature elements (under 350 F 
water, or provide higher dielectric strength for high supph 
voltages, or add distinctive color. For higher temperatures 


1 protective coating of glass cloth impregnated with sili 


to resist abrasion o1 


cone rubber is good for 500 F, with some loss in solvent 


resistance and dielectric strength. 
When Air Is the Coolant, Feb 16 '59 


whether the self-cooling methods of 
radiation or convection can handle the 
trouble. 

-—Robert W Carson 
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these recommendations: 





WHEN 
DESIGNING 


JOURNAL 
BEARINGS 


Here’s a practical approach, based on speed, load and 


temperature requirements, that goes to the heart of the problem. 
It leads to the right dimensions, materials, 


surface finishes and lubricants for the bearings. 


BRUCE M DUNHAM, technical consultant, Sun Oil Company, Philadelphia 


WS ournal (or plain) bearings are simple, common com- 
ponents—but their successful operation inolves a complex 
hvdrodynamic action. Design theorv is still in the refine- 
ment-and-debate stage and many designers prefer avoiding 
mathematical analyses which is complex—and may still 
fail to produce the best bearing for the job. The alterna- 
tive is rule-of-thumb methods. But what are the rules to 
follow? 

[he recommendations here are simple, but safe. They 
ire based on our own experiences, and on the literature, 
ind cover two groups of variables that affect journal- 
bearing lubrication: 


Mechanical design factors such as speed, load, operat- 
ing temperature, clearances, metallurgy of bearing and 
shaft, and surface finish. 

Lubricant variables, such as viscosity, method and fre- 


quency of application, quantity of oil, and film thickness 
( f oil. 


MECHANICAL DESIGN FACTORS 
Speed 


This is perhaps the most important design factor. It 
has a direct bearing on the viscosity requirement of 
lubricant. 


Low speeds require heavy (high-viscosity) oils because 
the slow-moving shaft creates comparatively little of the 
pumping action needed to pull the lubricant into the loaded 
area between journal and bearing, and thereby prevent 
metal-to-metal contact. 

High speeds require low-viscosity oils to avoid over- 
heating. 


Thus, for any given speed, and all other things being 
equal, it is the viscosity range that leads you to the best 
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lubrication. Table I on page 48 is a guide to the right oil 
viscosity for various journal speeds and loading conditions. 
(hese recommendations are for journal bearings operat- 
ing under uniform load conditions at temperatures be- 
tween 60 F and 140 F. Where extreme or intermittent 
shock loading exists, extreme-pressure high-film-strength 
oils of comparable viscositv should be emploved. 


Load 


Heavy loads call for the more viscous oils. However, 
pressure per square inch can get too high for the mineral 
oils, causing metal-to-metal contact. In such cases, turn 
to extreme-pressure (EP) lubricants (compounded or high- 
film-strength oils). They have greater load-carrying capac- 
itv than straight oils of the same viscosities and do not 
become as heated under heavy loads. 

Mild EP lubricants contain both an oiliness agent and 
extreme-pressure chemicals such as lead, phosphorus, ot 
sulfur. The oiliness agent keeps the coefficient of friction 
low until temperatures reach its melting point. From this 
point on, the chemical compounds take over. They re- 
act to form sulfide or phosphide films with the metal. 
These films have higher melting points and lower fric- 
tional characteristics than the metal alone. 

When is an EP oil necessarv? There are no set rules, 


text continued, page 48 





SYMBOLS 


N = rpm D = shaft diameter, in. 
p = unit pressure, psi C = radial clearance, in. 
L = bearing length, in. R = radius, in. 

z = viscosity, centipoises 
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THE MECHANICS OF JOURNAL-BEARING LUBRICATION 


® Shaft member of the bearing unit is usually called 
the journal; its cylindrical casing, the bearing. The 
inside diameter of the bearing exceeds the journal 
diameter by an amount referred to as the diametral 
clearance. 


Components of a journal bearing 


It's up to the lubricant to prevent metal-to-metal 
contact. As the journal rotates, the bearing acts as a 
pump and draws in the oil through inlet holes. The 
oil can also be force-fed to assure ample lubrication 
during starting or slow speeds. 

The oil film should be thick enough to maintain fluid 
friction. Theory has it that the layer of oil molecules 
immediately in contact with the two metal surfaces 
is partly absorbed by the metal surfaces. This in- 
creases surface slipperiness. The lubricating value of 
this absorbed firm is very important. The balance of 
oil molecules adhere to the two metal surfaces, form- 
ing a boundary film. 

If there is insufficient supply of lubricating oil, 
thin-film or boundary lubrication takes place. This 
may occur in machinery when starting or stopping, 
or when a sudden impact load is applied to a bearing. 
It may cause either intermittently recurring metal-to- 
metal contact or actual film breakdown with conse- 
quent seizures or welding. Boundary lubrication is 
usually undesirable and unsafe for machine parts. 

Ideal lubrication is with an ample supply of lubri- 
cant fed between the metal surfaces in motion. This 
results in additional intermediate layers of oil mole- 
cules, which are held together by cohesion and slide 
or roll over each other with motion of the surfaces. 
These molecules act as microscopic ball bearings. Such 
a thick film is capable of fall-flm lubrication. This 
type of lubrication is also called thick-film lubrication. 
It maintains the metal surfaces at sufficient distance 
to overcome the intermolecular forces of the metals 
so that fluid friction replaces metal friction. In mod- 
ern machinery a full film formed by a good lubricatin 
oi] generally varies in thickness between 0.0002 an 
0.0006 in. 


Journal action 


A journal at rest can have no pumping action and 
the lubricant is squeezed out leaving the load on 
metal-to-metal contact, as shown at bottom of page. 
As the journal starts rotating, it rolls uphill on the 
bearing surfaces, as in (B). The journal is thus 





slightly off-center, and the clearance is crescent-shaped, 
with a wedge-shape end on each side of the load area. 

As speed increases, oil is drawn from the clearance 
space and around the journal, forming a thin oil film 
or partial lubrication. Pressure buildup in the film 
lifts the journal and tends to center it in the bearing 
(C). Ass is further increased, more oil is drawn 
or pumped into the wedge between journal and bear- 
ing, and a full fluid film is built up. 

Pressure of the film increases, lifts the journal from 
the bearing and forces it to the right until all forces are 
in equilibrium (D). The film pressure causes the oil 
to flow in all directions from the point of maximum 
pressure. To form and maintain a full film of oil, a 
sufficient quantity of oil must be supplied to and 
maintained in the bearing to compensate for any loss 
caused by end-leakage. 

The proper point to supply the oil is within the 
low-pressure area, that is, on the unloaded side of the 
bearing. 


Three types of lubrication 


At slow speeds (zN/p ~ QO), the bearing operates 
under ae lubrication (see curve). In this con- 
dition, friction depends on the smoothness of the bear 
ing surfaces, adhesive strength of the oil sticking to 


Pre ae oe 


friction 
0.15 








Fluid 


Coefficient of 


0.001 oe ~ 








na 
' 





Min fluid Beoring = 2N 





friction ' parameter, ~ p 





ee nee oo arcs 


Coefficient of friction versus bearing parameter 


the metal surfaces, and to some extent on the viscosity 
of the oil. 

As increases, or with a more viscous fluid, 
lubrication in the bearing changes. The film becomes 
somewhat thicker, and viscosity becomes more effec- 
tive while the thin film changes to a thick film. This 
corresponds to the “mixed” region of the curve. 

In the last region, when the curve is practically a 
straight line, fluid friction and thick-film lubrication 
take place, and are maintained by the oil viscosity. 








Q 
5 


(C) With increased speed (D) Constant speed equil 


Minimum thickness of film 








Shift of journal position during changes in speed 
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I—RECOMMENDED VISCOSITY VS SPEED AND LOAD 





Speed, rpm 


Light Load 
(up to 100 psi) 
Application Method* — 


Medium Load 
(100 to 250 psi) 
Meth 


od 
Continuous Once-through — 





5000-10,000 


3500-5000 
2000-3500 
1000-2000 


500-1000 
300-500 
100-300 
50-100 
Under 50 


40-65 

65-85 

85-100 
100-150 


150-300 
300-500 
500-800 
800-1200 
1200-1800 


65-85 

85-100 
100-150 
150-300 


300-500 

500-800 

800-1200 
1200-1800 
1800-2600 


150-300 
300-500 
500-800 
800-1200 


1200-1800 
1800-2600 


} 


300-500 

500-800 

8006-1200 
1200-1800 


1800-2600 
2300-3300 


1750-3000 
1750-3000 
2400-7000 


2400-7000 
2400-7000 

















| 





*-Continuous provides constant flow of oil to the bearings and includes ring and collar oilers, circulating systems, mist or fog lubricators 


bath or splash systems. 


Once-through provides intermittent amounts of oil to the bearings and includes bottle, wick-feed and drop-feed oilers, mechanical 


force-feed oilers and oilcans 








1I—RECOMMENDED BEARING DIAMETRAL CLEARANCES 
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2 
-30 0 100 210 


Temperature °F 
5 Mineral oil, 100 VI 
6 Minera/ oii, OVI 
7 Mineral oil, OVI 
8 Fluorocarbon 





/ Silicone 

2 Polyalkylene glycol 
3 Diester 

4 Mineral oi/, JOO V/ 


Viscosity-temperature curves for typical oils 





Journal Dia, in. Tightest Fit Loosest Fit 


Ye 
Ya 
% 


1 

1% 
1”% 
1% 


2 


Free Fit, in. 
(above 600 rpm) 
Tightest Fit Loosest Fit 


Medium Fit, in. 
(below 600 rpm) 


0.0006 
0.0009 
0.0012 


0.0014 
0.0018 
0.0021 


g 88s 
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0.0025 
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ind selection is a matter of experimentation with specific 
But here is 


designs 1 list of conditions that may call for 


them: 


e Shock loading 
e Intermittent shock loading 
e Extreme loading or service loads greater than original 
design 
e Reversing action 
e A high safety factor when desired 
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Operating temperatures 
All lubricants change viscosity with changes in tempera 
[he higher temperatures lower the viscosity, and 


the key criterion in selecting a 
viscosity at operating temperatures—not at 
It 1S sate 


ture. 
vice versa herefore, 
lubricant is its 
room temperature or at the standard 100 F. 
to assume that the normal operating range of most indus 
trial plain bearings is between 100 and 150 F. For varia- 


tions in viscosity with temperature, check the curves above. 
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II—TYPICAL JOURNAL-BEARING PRACTICE FOR INDUSTRIAL MACHINERY 





Lowest Best 
Permissible Oil Viscocity, 
zN/p SSU @ 100 F L/D 


150-500 1.0-4.0 
500 1.0-2.0 
500 1.0-2.0 
150 1.0-2.0 
150 1.0-2.0 
300-500 1.0-2.2 
300-500 0.9-1.7 
Splash 300-500 1.5-2.0 


Circulation 150 1.0-2.0 
Ring 300-500 1.0-2.0 


Method 
of Oil 
Application 


Any 

Drop oiler 
Drop oiler 
Ring or cup 
Ring or cup 


Splash 
Splash 


if 


3 388 8 8 888 
say 2S uu 


Main Splash or Forced 0.62.0 


Crankpin Splash or Forced 0.6-1.5 
Wrist pin Splash or Forced 1.5-2.0 
Main Splash or Forced 0.6-2.0 
Crankpin Splash or Forced 0.5-1.5 
Wrist pin Splash or Forced 1.52.0 


Main Splash 1.0-2.2 
Crankpin Splash 0.9-1.7 
Wrist pin Splash 1.5-2.0 








IV——-RECOMMENDED SHAFT HARDNESS FOR VARIOUS BEARING TABLE V—INFLUENCE OF SURFACE ROUGHNESS ON 
MATERIALS FRICTION 








Shaft Coefficient of Friction 

Hardness Load 

Hardness (Brinell) (Min Capacity Mineral 
70 F 210 F Brinell) psi Mineral | Oil with | Oleic 
oil 2% Oleic) Acid 





60-70 300 Acid 
65-100 300 7 
40-60 300 





a ene 0.116 
18-25 500 . : 0.170 
6-14 120 0.249 
Tin-base Babbitt. ....... - 8-12 120 0.261 
Lead-Tin Overlays - 6-10 120 0.230 














40-45 250 
60-70 300 





23-27 VI—LOAD-CARRYING ABILITY VS SURFACE FINISH 











Surface Finish zN/p Load-carrying 
Clearances seman — 





Proper clearance between journal and bearing depends 
on operating temperature, load, minimum o1i-flm thick eo 200 
ness, friction loss, eccentricity of the bearing and shaft, 20-25 


and amount of oil flow. However, fo practical purposes, 











a clearance of 0.001 x radius is usually satisfactory. Dia- 
metral clearance (difference between journal and bearing 
diameters) rarcly needs be greater than 0.002 or less than 
} 


0.0005 in. Bearing clearances based on suggestions by 
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the American Standards Association are given in Table II. 

Typical journal-bearing practices for various types of 
industrial machinery are provided in Table III. This 
table includes recommendations for maximum loading, 
lowest permissible zN/p ratio, recommended oil viscosity, 
length-to-diameter (L/D) ratio, and clearance (C/R) ratio. 


Bearings and shaft materials 


Metals selected for the bearing and the journal must 
operate well together. Some bearing metals work well 
with soft journals—others require hard journals. Tin-base 
babbitts, lead-base alloys and over-plated copper alloys 
can operate with an ordinary soft-steel shaft. Cadmium 
alloys demand a journal having a Brinell hardness above 
250. Copper alloys and aluminum alloys require journals of 
over 300 Brinell hardness. Bronze does not operate well 
with soft steel, but does work well with cast iron or hard- 
ened steel. Babbitt metal, soft brasses and cast iron work 
well with soft steel. . 

Recommended minimum shaft hardnesses for 11 com- 
mon bearing materials are listed in Table IV. 


Surface finish 


Surface finish of the shaft and bearing affect the fric- 
tion and wear properties. The test data in Table V show 
effect of surface roughness, in microin, on coefficients of 
friction, using a straight mineral oil as a lubricant. 

In the boundary area of lubrication, friction increases 
with roughness up to 20 microin, then remains fairly 
constant. Load-carrying ability is also affected by surface 
roughness, as shown by the analysis in Table VI. 

This indicates that a surface finish of 20 to 25 rms car- 
ries 9 times the load of a finish of 150 to 200 rms. 


LUBRICANT FACTORS 


All of the design factors outlined above may influence 
the selection and performance of the lubricant. While 
meeting the infinite variety of conditions imposed by com- 
binations of the above factors, a lubricant must perform 
the following functions: 

e Maintain an unbroken film between metal surfaces 
to prevent excessive wear. 

e Prevent excessive friction and its consequent heat, 
harmful to both equipment and lubricant. 

e Absorb and carry away heat normally generated be- 
tween moving surfaces and keep operating tempcratures 
as low as possible. 

@ Remain stable and maintain its properties within al- 
lowable limits under severe operating conditions. 

¢ Be economical in operation. 


Temperature vs viscosity 


Remember that viscosity is the most important single 


characteristic of a lubricant at work. Because viscosity 
varies with temperature, the important factor is not the 
viscosity of the oil at room temperature but at tempera- 
tures within the range encountered in the operating ma- 
chine. An oil that thins out too much at high tempera- 
tures will not maintain a safe film. 

Where high temperatures are unavoidable, a higher 
viscosity oil should be specified so as to deliver best lubri- 
cation despite this thinning-out process. On the other 
hand, winter temperatures require oils with lower viscosity 


50 


and lower pour-point to maintain fluidity and prevent 
thickening to the point of inefficiency. 


Power vs viscosity 


Keep away from high-viscosity oils when loads are light. 
Lightly loaded mechanisms frequently have less power 
to spare and the excessive drag of a high-viscosity oil would 
absorb too much of the available power. 

At the extreme opposite end of the load range are over- 
loads. Where a bearing or gear set is overloaded in terms 
of its design so that the lubricant is overtaxed, a special 
lubrication study may be necessary. Check with a lubri- 
cation engineer or firm for recommendations. Costs of 
failures are too high to take chances. 


Time-temperature factor 


Almost any well-refined oil of correct viscosity will serve 
its purpose economically at normal temperatures. But as 
operating temperature rises, not only does viscosity de- 
crease, but deterioration of the oil and deposits of oxida- 
tion products tend to increase rapidly unless the oil is 
designed to counteract these tendencies. 

Oils for high-temperature applications are specially forti- 
fied against oxidation and deterioration. These are neces- 
sarily higher quality products. 

What is a high temperature? Generally speaking, three 
temperature zones are encountered in lubrication: 


Below 100 F, heat is no problem except in special cases, 
such as in refrigeration equipment where lack of heat 
requires special, dewaxed refrigeration oils to maintain a 
film of fluid oil under freezing conditions. 


Between 100 F and 150 F requires stable, high-quality 
mineral oils or moderately fortified oils to maintain eco- 
nomical service life. 


Above 150 F, temperature is a prime consideration. 
Maximum protection for the equipment over extended 
periods of time is of paramount importance. At such 
temperatures, well-refined inhibited oils, with their in- 
herent high stability, are ideal long-term lubricants. 


References: “Bearing Design & Application,” Wilcox & 
Booser, McGraw-Hill, 1957; “Theory & Practice of Lubrica- 
tion for Engineers,” D D Fuller, John Wiley, 1956; “Bearing 
Lubrication Analysis,” R R Slaymaker, John Wiley, 1955; 
“Plain Bearing Recommended Practice,” Association of 
Iron & Steel Engineers, 1951. 


For REPRINT of above article, just check 580 on one of the Reader 
Service cards bound in this issue. 


EDITOR’S NOTE—For applications where it is not eco- 
nomical or feasible to provide oil to the bearing, see types 
of journal or sleeve bearings described in these articles: 


Alloyed Plastics Give Oilless Bearing, May 25 59, p 58— 
A new oilness bearing material has appeared with high 
load capacity and low coefficient of friction. 

Additives Put Muscle into Sintered Nylon Parts, Sep 15 
58, p 86—Nylons fortified with graphite or molydenum 
disulfide additives for self-lubrication. 

Nylon-clad Sleeve Bearings, Mar 3 58, p 52 Nylon-11 
acts as a cladding for metal sleeve bearings by providing 
a surface that takes high load and needs no lubrication. 

Experts Strip Mystery from Gas Bearings, Nov 23 '59, 
p 68—On-the-spot report on the First International Sympo- 
sium on Gas-lubricated Bearings, held in Washington, DC. 

—Nicholas Chironis 


PRODUCT ENGINEERING - JANUARY 30, 1961 








PRODUCT 
ENGINEERING 
































ATTACHING HUBLESS GEARS 
TO SHAFTS 


Thin gears and cams save space—but how to fasten them to 
their shafts? These illustrated methods give simple, effec- 
tive answers. 


L KASPER, consultant 
Philadelphia 


1 COUNTERBORE with close fit un shaft ensures 
concentric mounting. Torque is transmitted by pins; 
positive fastening is provided by flathead screw. 











Counterbore 























2 TIGHT-FITTING washer in counterbored hole 
carries the radial load; its shear area is large enough 
to ensure ample strength. 








\ 


3 PLATE gives greater resistance to shear when 
radial loads are likely to be heavy. When the gear is 
mounted, the plate becomes the driver; the center 
screw merely acts as a retainer. 


~ 


continued, page 
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The new “561” indicating controller responds to 
temperature changes of 0.1° or less! And is yours at a 
competitive price! These two features alone make it an 
instrument you should investigate... but there’s more! 


You can choose from five standard temperature 
ranges ... within the span of — 50 to 600°F. Further- 


Here’s 0 1° more, scales start and end within your ranges, permit- 
° ting larger graduations, better legibility, easier read- 
out. And control and indication are separate but simul- 


Sensitivity at a taneous. Should your indication fail the “561”’ will 


continue to control with complete accuracy. 


C titi P . ! This precise instrument gives unvarying perform- 
ompe 1 1ve Y1ce e ance. Its indication and control will not vary with fluc- 
tuations of input voltage nor changes in ambient tem- 

perature. It offers the option of either ON-OFF or 

P P 9 proportional control ... has 10 AMP/120 VAC relay 

ees Fenwal s New 561 capacity. Smartly styled to complement modern indus- 


Temperature Controller trial machines and interiors, the “561’’ offers you all 


these extras at a competitive price. 


A Fenwal engineer will be glad to supply informa- 
tion on the “‘561’’, or any other temperature control in 
Fenwal’s broad line. Write Fenwal Incorporated, 21 
Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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HUBLESS GEARS continued 



































4 KEY AND FLATTED TAPER-PIN should not pro-] 5 D-PLATE keys gear to shaft; optimum slot 
trude above surface of gear; pin length should be depth in shaft will depend upon torque forces and 
slightly shorter than gear width. Note that this at- stop-and-start requirements—low, constant torque 
tachment is not positive—gear retention is by friction requires only minimum depth and groove length; 
only. heavy-duty operation requires enough depth to pro- 
vide longer bearing surface 


6 TAPERED PLUG is another friction holding de- 
vice. This type mounting should be used so that the 
radial load will tend to tighten rather than loosen the 
thread. For added security, thread can be lefthand 
to reduce tampering risk 


7 TWO FRICTION DISKS, tapered to about 5° in- 
cluded angle on their rims, are bored to fit the shaft 
Flathead screws provide clamping force, which can 
be quickly eased to allow axial or radial adjustment 
of gear. 


8 TWO PINS in radial hole of shaft provide positive 
drive that can be easily disassembled. Pins with 
conical end are forced tightly together by flathead 
screws. Slot length should be sufficient to allow pins 
to be withdrawn while gear is in place if backside 
of gear is “tight” against housing. 
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... these 
distributors 





BOSTON 9, Mass. 
Electro Sales Co., Inc. 
50 Eastern Avenue 
CApital 7-3456 


CAMERIDGE 39, Mass. 
Empire Electrical Company 
6 Portland Street 

Kirkland 7-6680 


CHICAGO 8, II: 
Excell Electric Service Co. 
2113-25 S. Western Ave. 
Virginia 7-7220 


CLEVELAND 15, Ohio 
Reserve Electric Company 
2090 East 19th Street 
PRospect 1-5764 


DALLAS 7, Texas 
Bearing Chain & Supply Co. 
1505 Wycliff Ave. 
Riverside 2-8626 


DAYTON 2, Ohio 

Thal Mor Associates, Inc. 
219 Washington Street 
BAldwin 2-3481 


DENVER 2, Colorado 
Weaver Electric Company 
1721-27 Larimer Street 
ALpine 5-5481 





delivery 


Oi 


DETROIT 7, Mich. 
Howard Electric Company 
4801 Bellevue Avenue 
WAiInut 3-0430 


KANSAS CITY 6, Missouri 
Triangle Equipment Co. 
1416 Grand Avenue 
HArrison 1-6061 


LOS ANGELES 17, Calif. 


Andrews Hardware & Metal Co. 


1610 W. 7th St. at Union 
DUnkirk 1-3311 


LOS ANGELES 13, Calif. 
Minarik Electric Company 
224 East Third Street 
MAdison 4-3161 


MILWAUKEE 2, Wisc. 
Trester Service Electric Co. 
235 East Ogden Avenue 
BRoadway 1-1662 


MINNEAPOLIS 1, Minn. 


Boustead Electric & Mfg. Co., Inc. 
109-11 Washington Ave., North 


FEderal 9-8831 


carry a broad line of 


BODINE 1/6 to ...-. 
1/2000 horsepower 
MOTORS IN STOCK! 
.-for over-the-counter 


Your Bodine Distributor carries a well-rounded line of the more popular reducer and 
non-reducer motors...in the types, sizes, and ratings normally used by industry in 
your area. These motors are in stock, on the shelves, immediately available. Call 
your Bodine Distributor today. 


NEW YORK 12, New York 
B & B Motor & Control Corp. 
206 Lafayette Street 

WOrth 6-5777 


PHILADELPHIA 7, Penn. 
Jos. T. Fewkes & Company 
129 North 12th Street 
WAlInut 3-4131 


PITTSBURGH 1, Penn. 
Braunlich-Roessle Co. 
3117-3127 Penn Avenue 
GRant 1-6995 


PORTLAND, Oregon 
Woodbury & Company 
Swan island 

Butler 5-4611 


ROCHESTER 4, New York 
T.H. Green Electric Company 
27-33 N. Water Street 
HAmilton 6-9840 


SAN LEANDRO, Calif. 
Republic Supply Co. of Calif. 
1919 Williams Street 

ELgin 7-2211 


CANADA—Renold Chains Canada Ltd. 
Offices in Clarkson, London, Montreal, Quebec, 
Three Rivers, Vancouver and Winnipeg 


Over 3500 standard built-to-order motors. 


See your Bodine representative. 


Bodine Motors are close-tolerance- 
machined. This means trouble-free 
operation . . . long life. . . low reject 
rates. The end result: a better motor, 
at a lower cost. Call your Bodine Dis- 
tributor today. Bodine Electric Co., 
2510 West Bradley Place, Chicago 18, 
Illinois. 


Sat N EG 


‘idelailelatel| 
horsepower 


Mieu ke) .s— 
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Write for FREE Copy! 





STOCK MOTOR bulletin ... 12 pages of 
photos, cut-aways, drawings, tables, and 
charts describe 300 different Bodine Motors, 
1/6 to 1/2000 hp. ... most of which are 
carried in stock by your Bodine Distributor. 
Ask him for a copy of Bulletin ‘‘S-2,” or 
consult your Sweet's Product Design file. 


.--the power behind the leading products 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


High-strength swage nut. . . 
averages 4 the weight of similar fasteners, and carries assembly screw loads to 160,000-psi 
tensile strength. Has positive lock to prevent mating bolts from loosening under 
vibration. Spring action of three-side locking collar reduces thread dia and holds bolt 
securely wherever wrenching stops. Requires only one tool, placed in a press, for installa- 
tion. When pressure is applied, nut displaces metal around edge of hole which forms 
retaining ring to anchor nut. Push-out and torque-out values are said to meet MIL-N- 
25027 requirements. Can be used in any sheet material (including steel, copper, Monel 
and aluminum) 0.20 in. thick and up, with hardness up to Rockwell C27. Standard 
Pressed Steel Co, Jenkintown, Penna. 

Circle 300 on Reader Service Card 


Magnetic memory drum . . . 
presents recorded information when stationary as well as in motion. Suitable for 
program control of multiple machine operations. For application to machine tools, 
presents cutting coordinates on step-by-step basis, remaining stationary while tool 
completes a cut. At end of a cut, drum steps to next position, corresponding to end 
of next cut and signals new coordinates to machine. Coordinates are recorded as a 
series of parallel binary code words on sequential steps of drum. Unit has no amplifiers 
Output into 1000 ohms is 1.5 v de for a “one” reading; less than 30 milliv for a “zero” 
reading. Into cold-cathode matrix, drum can have output of 65 v ac for “one”; less than 
2 v for “zero.” Ten-channel, 2000-bit drum (200 discrete segments per channel) 
measures 26 x 14 x 14 in. Price: approx $300 per channel. Consolidated Controls 
Corp, Bethel, Conn. 

Circle 301 on Reader Service Card 


Controlled-pressure air column in regulator . . . 
replaces adjusting screw and control spring used in standard units. Air column applies 
constant force on diaphragm and is governed by “‘pilot” regulator, operating at almost 
“no-flow” for prompt response, high airflow rate and accurate pressure control. Unit can 
be installed out of reach for regulation of inaccessible air lines. Any size regulator with 
desired pressure range can be used as the pilot. Hannifin Co, Dept 126, 501 S. Wolf 
Rd, Des Plaines, Ill. 

Circle 302 on Reader Service Card 
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Aftercooler for small to 


medium air systems. . . 
is available in capacities of 50 to 120 cfm 
free air. Lengths range from 30% to 954 
in. over-all, with 44-in. dia cooling cham 
bers. Has noncorrosive copper coil, 
through which valve-regulated cooling 
water flows. Coil is attached to flanged 
head with flared connections and sup- 
ported throughout its length by spaced 
baffle plates which direct airflow. Sepa- 
rated moisture decends by gravity to ball 
float trap below, where it is automatically 
ejected without air loss. James A Murphy 
& Co Inc, 1421 E High St, Hamilton, 
Ohio. 

Circle 303 on Reader Service Card 


Permanent-magnet motor 
with variable pole. . . 


reportedly never fails to start. L-shape 
pole arm is riveted onto rotor and is not 
magnetized. If rotor poles should stop 
on dead center, magnetism induced in 
variable pole arm by field coil starts rotor 
Speeds range from 10 to 1/60 rpm. Avail 
able from stock in clockwise or counter 
clockwise rotation, 115 v, 60 c. Standard 
motor is rated at 20 in.-oz and high- 
torque model, 40 in.-oz at 1 rpm. Lake 
City Inc, Sub Controls Co of America, 
Crystal Lake, Til. 

Circle 304 on Reader Service Card 


Bearing steels . . . 

for high temperature structural compo 
nents, include one alloy in which 4% 
molybdenum replaces 2% chromium in 
440 C analysis. Other alloys contain 1% 


aud 2% vanadium, with correspondingly 
continued on page 56 
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COMPONENTS * MATERIALS * PROCESSES 


. continued 


Said to exhibit 
properties and 


higher carbon contents 
hot-hardness 
better resistance to wear, corrosion and 
oxidation than standard 440 C analysis. 
Latrobe Steel Co, Latrobe, Penna. 

Circle 305 on Reader Service Card 


improved 


tee SST 

Submicron-particle filter . . . 

uses a porous plastic sheet with uniform 
submicron holes to trap particles down 
to 0.1 micron. Also removes bacteria from 
fluids. Membrane filter apparatus is dis 
Holder is available in stainless 
steel or nickel-plated bronze for pressures 
of 50, 100 and 500 psi. 


posable 


Price ranges 
from $195 for nickel-plated 50-psi unit to 
$550 for stainless steel 500-psi unit. De 
livery within 30 days. Gelman _Instru- 
ment Co, 106 N Main St, Chelsea, Mich. 

Circle 306 on Reader Service Card 


Hydrostatic transmission . . . 

for off-road mobile equipment, produces 
full torque at low engine speeds—even 
idle. Has infinitely variable speed ratio, 
always under control, and 


maneuverability over soft ground, sand, or 


operator's 


cinders, since operator can feed to wheels 
only that amount of power which can be 
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absorbed by available traction. Trans 
mission consists of variable displacement, 
axial-piston hydraulic pump, which is 
coupled directly to vehicle’s engine, and 
a fixed-displacement hydraulic motor, 
which drives directly into differential 
High-pressure hoses replace driveshaft, uni 
versals, gear changes and clutches. Motor’s 
rotation speed and direction are deter- 
mined by position of pump’s variable cam 
Has single control for both direction and 
speed. Displacement is stated at 4.5 cu 
in./rev; speed (at full cam angle), 3000 
rpm; running torque, 56 ft-lb at 1000 
psi; starting torque, 50 ft-lb at 1000 psi: 
temperature range, —30 to 200 F; hp 
rating at 2000 rpm, 60. New York Air 
Brake Co, Starbuck Ave, Watertown, NY. 

Circle 307 on Reader Service Card 


Velocity switch... 
is actuated by air velocity in a duct and 
does not respond to static pressure or suc 
tion. Duct air cannot pass through switch, 
nor can external air pass into duct through 
Primary action is 


switch magnetic, 


through a solid barrier. Responds to 


velocities as low as 1000 fpm (max air 
Contact rating is 
8 amp at 115 v ac and 4 amp at 230 v ac 
Drying Systems Co, 1800 Foster Ave, Chi- 
cago 40. 

Circle 308 on Reader Service Card 


velocity is 7000 fpm) 


Vibrating-reed relay .. . 

remotely controls up to 10 separate switch 
ing functions, using tone-modulated RF 
or single-wire conductor. Each reed con 
trols one function through small secondary 
relay and resistance-capacitance filter. One 
oz unit reportedly has high bandwidth 


selectivity, making it interference-free. 
Produced in 30 to 3000-ohm coil resist 
ances and impedances from 30 to 5000 


Driving voltages vary from 14 to 


15 v ac. Reed contacts will pass up to 5 


ma, and frequencies are within +0.05% 
50 


ohms. 


ie) 


len-channel unit is priced at $22 
Units with 2, 4, 6 and 8 reeds also are 
available. W S Deans Co, 8512 Garden- 
dale St, Downey, Calif. 

Circle 309 on Reader Service Card 


Thermostat’s internal 
heater... 


creates own temperature or ambient inside 
unit and is used to lower thermostat op 
erating point. Unit can be made to operate 
through wide temperature 
motely controlling voltage on heater and 
Heater availabl 
Unit, 


5- 


at 25 


range by re 


to a narrow differential. 
between 250 ohms and 1 megohm 
SPST or SPDT, is rated to 350 I 
amp resistive or to + hp at 120/240 v ac 
herm-O-Dise Inc, Mansfield, Ohio. 
Circle 310 on Reader Service Card 


Motor pulley drives .. . 
for variable-speed operations, are 
Output speeds range 


rated 

from 1 to 15 hp 

from 2200 to 141 rpm, with a 3:1 speed 

variation utilizing 1750- or 1160-rpm 

motors. Have V-to-V drive transmissions. 

Sterling Electric Motors Inc, 5401 Tele- 
i) 


graph Rd, Los Angeles 22. 
Circle 311 on Reader Service Card 


Magnetic-reed relay . . . 

is less than half the conventional size. 
Coil measures % in. long x ye in. dia. 
Over-all length with standard solder ter- 
minals is 14 in. Comprises a magnetically 
actuated contact assembly inside actuating 


continued on page 60 
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ALL NEW 
FRANKLIN 
STANDARD 
MOTORS 

WEIGH 

UP TO 30% 
LESS THAN 
ORDINARY 
INTEGRAL 
MOTORS = — 


sf 
t a gt 


~~ 


Read about this engineering accomplishment on the next two pages ... iso on the next page — news of a 
contest for design engineers only!! 
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ALUMINUM CONSTRUCTION of the new Franklin 
motor gives the designer terrific weight ad- 
vantages, plus faster heat dispersion and free- 
dom from rust and corrosion. Strong, too. 


QUICK-CONNECT TERMINAL BOARD comes pre- 
connected to your specified voltage. Eliminates 
time-consuming taping and wiring. And your cus- 
tomers can change the voltage in 1 minute flat! 


Ca 


= 
gl 


PRELUBRICATED AND DOUBLE SHIELDED BEAR- 
INGS absolutely exclude all contaminants, elim- 
inate the chief cause of motor bearing failure 
internal labyrinth seal keeps the grease in the 
bearings, out of the windings 


Pd :. 


& 











Franklin Integral Motors 
are made of Aluminum... 





YET THEY'RE STRUCTURALLY STRONGER THAN COMPARABLE CAST-IRON MOTORS! 


Here’s news of a new, feather- 
weight motor you can apply now 
to your product. 

Franklin Electric has designed 
an integral HP motor that gives 
you the light weight of aluminum 
... with a shock resistance greater 
than cast iron! 

Aluminum frame, end-bells, ro- 
tor, and conduit box are combined 
to give you an average of 30% 
less weight per motor rating. 

You actually design weight out 
of your product by using this new, 
lighter motor. You'll need less brac- 
ing and support. And the Franklin 
lightweight is far easier to handle 
on your assembly lines. Less work- 
er fatigue, faster assemblies. What's 
more, your shipping costs go down 
automatically with the over-all 
weight reduction! 


Aluminum has other advantages 
for you, too: greater thermal con- 
ductivity for cooler running, and 
a high resistance to rust and cor- 
rosion. 


How many times could you have 
used these other Franklin features: 


1. Pre-packed, double shielded 
bearings that absolutely exclude 
contaminants (chief cause of 
bearing failures in ordinary 
motors). There’s an unusual 
labyrinth seal on the shaft that 
keeps grease in the bearings, not 
on the shaft. And a grease res- 
ervoir that practically elimi- 
nates the need for regreasing. 


Quick-connect terminal board 
that arrives pre-connected to 
your specified voltage. No more 
taping and wiring. Terminal 
connectors make line connec- 
tions in a matter of seconds. 


Two-year guarantee from date 
of manufacture. 


LOL, 


4. Inherent protector space built- 

in to the conduit box. The clean 
lines of this motor will stay 
clean. No add-ons. 
Identical NEMA single and 
polyphase motor frame Sizes. 
They're completely interchange- 
able, so you need carry no 
extra bases in stock. 

And plenty more designer-request- 

ed features that can help you cut 

costs and increase the efficiency of 
your motor-driven product. For the 
complete story, just send in coupon 
below for a free, full-color bro- 
chure which explains this new mo- 
tor line in detail. And while you're 
at it, enter the Franklin “Name the 

Aluminum Motor” contest ex- 

plained below. Send in the coupon 

today. 


) a. 


BLUFFTON, INDIANA 


Name the Aluminum Motor Contest... for Design Engineers only ! 


WIN A FULLY EQUIPPED STARCRAFT ALUMINUM BOAT AND EVINRUDE MOTOR! 


Send your suggestion for a name for the all-new Franklin aluminum motor on the coupon 
at right. First prize—a 16 ft. Starcraft aluminum “Jupiter” runabout and a 40 h.p. 


Evinrude outboard motor. Twenty additional runner-u 
carts. Enter now, while the coupon is right in front of you. Here’s all you have to do: 

Send to Franklin Electric Company, Inc., your name suggestion, which reflects either 
a use or a feature of the motor. For example: OEM motor, Alumaline motors, etc. 
‘ Send as many names as you please. 
. Prize winners will be chosen by an impartial panel of judges who are not employees 


i. 


of Franklin Electric Company, Inc. 


. Your entry must be in by February 28, 1961. 
. There’s nothing to buy—just send your name suggestion. 

. That’s absolutely all there is to it. In addition, your entry will automatically bring 
you a full-color informative brochure on the new Franklin aluminum motor. 

. Employees of Franklin Electric and its advertising agency are not eligible to par- 
ticipate as contestants. Contest offer not valid in states which prohibit such contests. 


prizes of deluxe aluminum golf 


Name 


SEND YOUR ENTRY TO: 

Franklin Electric Company, Inc. 
Name-the-Aluminum Motor Contest 
Bluffton, Indiana 





Company 





Address 





City 


State 





Suggested name for the new Franklin motor; 
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COMPONENTS * MATERIALS + PROCESSES 
. continued 


coil. Gold contacts are hermetically sealed 
inside a glass capsule in an inert gas 
atmosphere. This reportedly prevents con- 
tact contamination and makes for highly 
stable contact resistance through long serv- 
ice life. Standard contacts are SPST, nor- 
mally open—rated 12 w resistive load, 0 
amp max. Contact resistance is 50 milli- 
ohm max; breakdown voltage, 200 v ac 
RMS) min. Coil power is a nominal 100 
milliw, a min 50 milliw. Operate time is 
less than 1 millisec; release time, less than 
4 millisec. Magnecraft Electric Co, 3350X 
W Grand Ave, Chicago 51. 

Circle 312 on Reader Service Card 


Pressure-molded 
Teflon sheets .. . 
are of high density and available from stock 
in sizes up to 24 x 24x 2 in. All surfaces 
are ground and corners sharp, allowing 
sheets to lie flat. Fluorocarbon Co, 1754 
S Clementine St, Anaheim, Calif. 

Circle 313 on Reader Service Card 


Variable-pitch pulley . . . 
originally designed for heating and_air- 
conditioning uses, is suitable for applica- 
tions where optimum operating speeds 
cannot be mathematically determined. Op- 
erates similar to one-piece pulley and 
reportedly cannot slip out of adjustment 
Precise adjustment in small increments is 
accomplished by two splined grooves, 180° 
apart, which interrupt external threads. 
Setscrew in female member provides posi- 
tive register. Max speed variation is 30% 
in five turns, and static and dynamic bal- 
ance is held to 0.125 in.-oz. Handles 3L, 
4L and 5L belts and is available in 4-, #- 
and 3-in. bores. Tann Corp, 3750 E 
Outer Dr, Detroit 34. 


Circle 314 on Reader Service Card 


Ratchet-free stepper motor .. . 
has low radiated magnetic field and can 
be operated with windings continuously 
energized in static condition or pulsed at 
Suitable 
for high-speed stepping applications where 
pulse power is limited. Withstands 100-g 


rates up to 2400 steps per min 


60 


shock for 7 ms, as well as acceleration of 
10 g. Operates from —66 to 185 F, de 
livering 80 pulses per sec on pulse require- 
ments of 12.5 millisec. Positive magnetic 
detenting occurs at each of 12 angular 
rotor positions even under severe vibration 
and whether or not coils are energized. 
Although motor is unidirectional, small 
size permits two units to be combined with 
a differential for bidirectional operation. 
Rated at 27 v dc with a rotor step angle of 
30° per cycle. Load is stated at 0.2 oz-in. 
at 68 F. A W Haydon Co, Waterbury, 
Conn. 

Circle 315 on Reader Service Card 


Two-stage hydraulic pump .. . 
delivers from 600 cu in. per min. at 100 
psi to 50 cu in. per min. at 10,000 psi. 
Driven by a universal motor, unit com- 
prises a gearpump for low-pressure stage 
and five-cylinder axial-piston pump (super- 
charged by gearpump) for high-pressure 
stage. Reservoir capacity is 2 gal., with 
14 gal. of usable oil. Standard motor is 
14 hp, 12,000 rpm 60/50 c, ac or de, 
while motors for either 115 or 230 v are 
available. Over-all dimensions are 10} x 
12% x 174 in.; weight, 45 Ibs. Owatonna 
Tool Co, 727 Cedar St, Owatonna, Minn. 

Circle 316 on Reader Service Card 


Stainless socket screws .. . 
have min tensile strength of 125,000 psi 
at room temperature. Other room-tem 
perature ratings: 75,000 psi shear strength 
and 40,000 psi tension-tension fatigue en- 
durance limit. Made of 304 austenitic 
material, hardened through cold working, 
with controlled forged burt-free heads 
Operating range is —300 to 800 F; mag 
netic permeability, under 1.2. At 800 F 
with initial stress of 65,000 psi, residual 
stress after 50 hr was found by stress 
relaxation tests to be 55,000 psi. Available 
in sizes #8 through @-in. dia in both 
coarse- and fine-thread series. Standard 
Pressed Steel Co, Jenkintown, Penna. 
Circle 317 on Reader Service Card 


Nylon cut gears... 
have hexagonal metal hubs, inserted when 
gear blanks are molded. Hub is locked 
radially by its hex shape and axially by a 
channel cut around its face. Said to pro- 
vide max resistance to shock, torsion and 
vibration. Since gears are cut with hub 
molded in blank, teeth and shaft concen 
tricity reportedly tops molded tooth gears 
and others with hubs added after teeth 
are cut or molded. Strength is said to be 
same as that for metal gears, using Lewis 
formula which assumes that entire load is 
born by a single tooth. Climax Metal 
Products Co, 863 E 140th St, Cleveland 
10. 

Circle 318 on Reader Service Card 


Position control. . . 
provides resolutions of one part in 30,000 
or better. Comprises a position sensor (or 
combination actuator and sensor), solid- 
state printed-circuit amplifier and digital- 
readout position setter. Amplifier can 
drive rotary or linear actuator. Output can 
be solid state or from relays. Crossover 
circuit provides rapid traverse and transfer 
to slower speed as preset position is ap- 
proached. In machine-tool application, 
setting to 0.001 in. is provided over 30-in. 
travel. Systems with higher or lower 
accuracies are suitable for valve position- 
ing, variable-speed drive control and proc 
ess or programing control. Jordan Con- 
trols Inc, 3235 W Hampton Ave, Mil- 
waukee 9. 

Circle 319 on Reader Service Card 


Commutated sampling 
system... 

uses 12 transducers as sensors and provides 
readouts from any or all 12 consecutive 
remote points. Readout is through a digital 
display unit, and output is +10 v de. 
Measurement time intervals from each 


source are 1 to 2 sec, with stepping switch 
continued on page 64 
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Another Tinnerman Original... 


Nut-in-a-cage eliminates welding or staking... 
SPEED GRIPS° hold themselves on panels! 


Wherever you require a heavy-duty, multi- 
thread, self-retaining fastener, a Tinnerman 
Speep Grip Nut Retainer answers the need, 
holds down assembly costs. 

SpeED Grips snap into place...some into 
panel holes...others over panel edges. No 
special tools or skills required. Spring-steel 
fingers grip the panel, yet let the nut float to 
compensate for normal panel-hole misalign- 
ment. Welding, staking and clinching are 
eliminated. SPEED Grips can even be applied 
after panels have been finished, avoiding paint- 
clogged threads. 

Speep Grips are available in a wide range 
of sizes and types, including front-mounting 
nut and bolt retainers for hard-to-reach or 
blind locations. 

See your Sweet’s Product Design File, sec- 
tion 8-T for data on these and other Speep Nut 
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Brand Fasteners. Your Tinnerman representa- 
tive has complete information and samples. If 
he isn’t listed under “Fasteners” in your 
Yellow Pages, write to: 


TINNERM™MAN PRODUCTS, Inc. 
Dept.12 +» P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 
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CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerecessories Ltd, Treforest, Wales. FRANCE: Simmonds $.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Bundy Gmbi, Neidelberg, 
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Coating on 


This door part made by Steel- 
craft Manufacturing Company, 
Cincinnati, Ohio, was previously 
formed from cold-rolled steel, 
then painted. It’s now fabricated, 
at significant savings, from 
Armco Zincecrip Steel. 
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ZINCGRIP gives products durable protection 
at average cost of about 2'2¢ per square foot 


Can you match this with painting or plating? 


Unseen structural parts are often protected from corrosion by painting or plating 
cold-rolled or hot-rolled steel. Yet with Armco Zinccrip® Steel, you can give your 
products the durable protection of a full-weight two-side coating of zinc at an 
average cost of about 21/4 cents per square foot. Important cost savings are realized 
daily by manufacturers who take advantage of this economical protection. 

Severe fabrication is no obstacle. You can work mill-coated Zinccrip to the 
limit of its ductile steel base. The tight zinc coating will not flake or peel. 

If you paint or plate for protection from corrosion, it will pay you to investigate 
Armco ZinccriP Steel. Let us help you compare your costs for a painted or plated 
steel part with costs for the same part made from durable Zinccrip. Just fill in 


and mail the coupon. 


Armco Division « Armco Steel Corporation 
1171 Curtis Street, Middletown, Ohio 
So that | can check savings with Armco ZINCGRIP— 


Send me your Application Data Bulletin 
Have an Armco Representative call 


Name — . , . 7 

Firm . - —_ ‘ 

Street 
Use this label 
to identify your 
products made of 


strong, durable 
steel. 


Check these cost comparisons 


Cost of* Typical** Savings with 
ZINCGRIP Coating Cost of Painting ZINCGRIP 
Steel Thickness c/sq. ft. of sheet c/sq. ft. of sheet c/sq. ft. 


025 1.83 | 3.25¢ 1.42c 
.050 2.72 3.25 53 
075 2.51 3.25 74 








Average ... 3.25c .90c 
*Coated both sides **Painted both sides 


Computations based on coils 24” to 36” wide. Zinccrip coating costs are additional costs beyond 
price of cold-rolled steel. Due to variations between thicknesses, cost of zinc coating in table varies 
somewhat even though it’s the same full-weight coating. Paint costs are figured on typical dip- 
painting or flow-coating methods and include cost of metal preparation, paint, labor and overhead 
of painting operations. Some paint costs are lower than these; many are more. 


€ ? — 
ARMCO Armco Division 
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ASSURED SELF-LUBRICATING SECURITY 


wre LUBRITE 
Set. otateeding BEARINGS 


=. 


A 
Bobing “ie & High Overpowes & 
Temp Equipment z Steuctwres 


Moterols Mendiing Equipment ol & Refinery Paper, Food, Rubber Hydro Elex Gate Beorngs ets ete 
Conveyor Systems ssng Plonts & Textile Mochinery ond Accessory Equipment Bridges 


Lubrite self-lubricating bearings offer great versa- n i . 
tility in hundreds of fields where dependability a he Py EL. » 
and superior performance are of prime importance. 55—it contains complete 
information, technical data 
and specifications about 
Lubrite Self-Lubricating 
Expansion Plates and 
Bushings. Write today! 


Lubrite Bearings. with clean, permanent, 
maintenance-free self-lubrication are designed 
to withstand severe loadings, temperature ex- 
tremes, submersion. corrosion and other adverse 
conditions. 


Lubrite may be just the bearing you need in 


: Available now — New Manual No. 56 
your designs to obtain better results. 


with complete technical information about 
, . LUBRITE SELF-LUBRICATING BUSHINGS, 
Consult our Engineering Department on your | BEARINGS & WASHERS 

application. No obligation. ‘ 





Write for your copy. 


LUBRITE DIVISION 
MERRIMAN BROS., INC 


195 AMORY STREET, BOSTON 30, MASSACHUSETTS 
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VERNITRON .05% ACCURACY PRECISION RESOLVERS 
DELIVERED ON REGULAR _— —_— 10,000 CYCLES 
PRODUCTION BASIS 


ALL SIZES—8 through 23 

ALL STANDARD TYPES — Data Transmis 

sion, Phase Shifters and S$ 

ALL ENGINEERED & MANUFACTURED TO: 

MIL-R-14346 

ALL AVAILABLE WITH 
Thru-Bore Design 
High Reliability Exclusive Brush Block 
Stainless Steel housings, shaft, bearings 
High voltage capabilities between stator 
and compensator windings (on feedback 
units 


major break-through, made possible by VERNITRON 
specialization in precision 
synchro and resolver de 
sign and manufacture 


a ee 


WRITE, WIRE, 
PHONE NOW for 
complete price, de- 
livery and specif- 
cation data; ask for 
NEW Vernitron 
Condensed Catalog. 


ERNTTRORI 


S oO -_ > a] FR ~ ' S MN 


THE QUALITY NAME IN PRECISION SERVO COMPONENTS 
119 Old Country Rd., Carle Place, N. Y.—Pioneer 1-4130 * TWX: G-CY-NY-1147 
WEST COAST PLANT: 1742 So. Crenshaw Blvd., Torrance, Cal.—fAirfax 8-2504 * TWX: TNC-4301 





COMPONENTS * MATERIALS * PROCESSES 
. continued 
provided to increase this to 12 readouts 
per sec. Frequency response is down 3 db 
at 300 cps, while ripple content is 50 mv 
at full output. In null position, ripple in 
output is reduced to 15 mv. Bridge bal 
mce linearity is 0.25%, and system gain 
(dce/ac from bridge) is preset to 100. Cres- 
cent Engineering & Research Co, 5440 
N Peck Rd, El Monte, Calif. 
Circle 320 on Reader Service Card 


Gearheads for servomotors ... 
are said to be 95% efficient. Available in 
size 11 frame and to most ratio, physical 
and mechanical specifications Have 
ABEC-7 ball bearings throughout, shielded 
output bearings and hardened and pas 
sivated gears and pinions. Planet Instru 
ment Inc, 616 § Lafayette St, Fort Wayne, 
Ind. 

Circle 321 on Reader Service Card 


Ball valve accessible from top 
by removing bonnet flange (hus, main 
tenance can be accomplished without tak 
ing valve from line. Seats can be adjusted 
by tightening two hex nuts on bonnet 
Design differs from floating ball con 
struction in that ball is fixed between 
top and bottom guides, while “floating 
seats are held against ball for tight sealing 
A 90° turn opens and closes 150 psi 
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valve. Made of carbon or 316 stainless 
steel with Teflon seats and scals in 1-, 14-, 
2-, 3-, 4-, 6- and 8-in. dia 
at $42.20. From stock. Hydromatics Inc, 
5 Lawrence St, Bloomfield, NJ. 

Circle 322 on Reader Service Card 


Prices start 


Warning horn... 
continuously generates a_ variable fre 
quency, high-amplitude tone until voltage 
is removed. Visual indicating lamp can 
be supplied. Operates at 18 to 32 v de, 
with 115-v, 60-c voltage available on re- 
quest. Spec-Technology Inc, 13901 Sati- 
coy St, Van Nuys, Calif. 

Circle 323 on Reader Service Card 


Steady-state switches . . . 

have 25-amp current ratings and report 
edly handle inrush currents up to 75 amps 
without affecting accuracy, or 
ability 
250 v ac; 1 hp at 125 v ac; 2 hp at 250 


repeat 
UL ratings are 25 amp at 125 or 


ac; and 750 v-amp at 125 or 250 v a 
Operating force is 14 to 22 oz; release 
force, min 10 oz; and differential travel, 
from 0.002 to 0.0075 in. Priced at $1.95 
in quantities of 1 to 9. Micro Switch Div, 
Minneapolis-Honeywell Regulator Co, 
Freeport, Tl. 

Circle 324 on Reader Service Card 


Internal pinion counter .. . 

allows use of larger number wheels. Unit 
has 0.220-in. high figures in 0.305-in. 
opening. Static torque is 1.0 oz-in. over 
—67 to 212 F 
formed by 0-9 unit wheels which register 


Actual counting is per 
10 counts per revolution. Speed is 750 
rpm intermittent and 300 rpm continu 
ous. Veeder-Root Inc, 70 Sargeant St, 
Hartford 2, Conn. 

Circle 325 on Reader Service Card 


Adjustable time-delay relay 

has four different timing ranges, includ 
ing: 50 to 500 millisec; 0.05 to 5 sec; 2 
to 25 sec; and 5 to 60 sec. Unit has 
standard automatic relay and adjustabk 
time circuit combined with two-stage tran 
sistor amplifier Relay can be reset in 
less than 20 millisec by means of external 
pushbutton switch 
are from 18 to 32 v de at 10 milliamp 
nominal. Repeatability is 1% short term 
at constant voltage and temperature; 5°, 
short term at extreme voltage and tempera 
ture; and 10% long term Four con 


continued on page 67 


Power requirements 
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THE CARLYLE JOHNSON MACHINE Co. 


Maxitorgq 
Lac loc 


THE 


CLUTCH 
OR 

BRAKE 
ASSEMBLY 


MANCHESTER, CONNECTICUT 


3CJ60 
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Takes performance 
guesswork out of 
power transmission design 


With these performance-proved units, you 
can save time and money in designing and 
building clutches and brakes exactly tai- 
lored to the requirements of your applica- 
tion, At the same time, you can be sure that 
they will equal the performance and smooth 
operation of proved MAXITORQ clutches 
and brakes. DISC-PACS are simply the 
“heart” of a clutch or brake... the discs, 
separator springs, and locking plate... 
supplied as a complete self-contained unit 
for the convenience of design engineers 
and equipment builders. 


Produced in a full range of sizes and capac- 
ities from % h.p. to 15 h.p. Bulletins 
available on other MAXITORQ products: 
Floating Disc clutches and brakes, Electric 
clutches, Overload Release clutches, low- 
cost Single Disc clutches, and clutch or 
brake friction discs. Write Dept. PE. 


= 
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RESISTS 
. CORROSION 


e+. designed to the exacting specifica- 
tions of the Bakery Industry Sanitation 
Standards Committee 


Grease sealed throughout 

to protect the swivel and wheel 
bearings from wet floor conditions or 
the effects of steam or hot water 
cleaning. Pressure grease fittings 
prevent entrance of moisture, 
dirt, lint, etc. Long wearing 
“‘neoprene” wheel resists oil, 
grease, and fatty acids. Easy to 
clean, with wide wheel clearances. 
Designed for 200# (per caster) 
load area. Top plate is standard 
4" x 4" with 3” x 3” hole spacing. 


Sales Representatives in Leading rv 
Cities Throughout the Country Ja is ®), arvis, i nc. 
Sold Through Quality Dealers o PALMER, MASSACHUSETTS 


In Canada: Jarvis & Jarvis of Canada, 1744 William $1., Montreal, Que, 
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SELF-SUPPORT- 
ING — Needs no 
external supports 
of any kind. 

















SYPHON ELBOW 


EMBLY PLATE — Permits use of 
Aeielde internal straight pipe for 


INDIVIDUALITY - Ay - oe 


removed. drawn right 
Triangle fits the bearing to the application. 


through the joint. 
Whether you can use a standard, like the fi 

Pillow Block above, or need a special such as fn be 

the Pedestal or Clamshell Bearings shown be- 0 ary 

low, your particular bearing problem receives ot 0 


the individual attention best assuring cost 
reductions — quality improvements. 


SELF-ALIGNING . . . SELF-LUBRICATING with SYPHON ELBOW 
SLEEVE-TYPE : 
PILLOW BLOCKS 


hs eldne acest of Johnson Joints represent the best way industry has yet 
mountings available — found to get steam or liquids into rotating rolls and 
functionally designed, ef- cylinders. They are completely packless, need no lubrica- 
ficiently —— = tion or adjustment. The Type SBP shown gets steam in, 
sealable — help — condensate out, through the same head. Other types avail- 
anywhere. Phone or write . able for through flow service, in sizes to meet all operating 
for descriptive literature. needs. WRITE FOR COMPLETE INFORMATION. 


ta chasey 
730 Division St. Oshkosh, shine Jo hnson (€-) rporation a» 


= 
813 Wood Street, Three Rivers, Mich. + 
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COMPONENTS * MATERIALS ¢ PROCESSES 
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tact arrangements are available, with con- 
tacts rated at 3 amp, 115 v ac and 29 v 
de, noninductive. General Automatic 
Corp, 111 33rd St, Union City, NJ. 


Circle 326 on Reader Service Card 


Woodchip material. . . 
replaces wood wherever lightweight curved 
or contoured shapes are needed. Consists 
of wood chips (plus flake surface to cover 
chips when finish is desired), chopped 
fiberglass and polyester resin. Said to 
offer approximately the same fracture 
strength as hard maple and to hold nails, 
tacks, staples and screws better than wood. 
Specific gravity approaches 1.0 when ma- 
terial is molded at pressures between 300 
and 500 psi. Can be molded in same 
way as fiberglass, masonite or wood flour. 
Gisholt Machine Co, 1245 E Washington 
Ave, Madison 10, Wis. 

Circle 327 on Reader Service Card 


et 


ga" 


Component hangers .. . 
are available in two heights and wide bore 
size range to fit standard rotating com- 
ponents. Also available in blank state for 
non-standard size components. Made of 
aluminum alloy castings, finished in black 
anodize. Sterling Precision Corp, Com- 
ponent Div, 5 Sintsink Dr, Port Wash- 
ington LI, NY. 
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Regulated power-supply kit 
has fully variable dc plate voltages from 
0 to 400 v at 150 ma max. Also provides 
bias voltages from 0 to 150 v at 2 ma and 
three 3-amp ac filament outputs (two at 
6.3 v and one at 12 v). Output variation 
is less than 4 of 1% (or 0.3 v, whichever 
is greater) from zero to full load. Ripple 
is less than 0.003 v (RMS) and internal 
impedance, less than 10 ohms from dc 
to 1 mc. Power source is 117 v ac, 
+10%, and power requirements, approx 
160 w. Kit is priced at $69.95; factory- 
wired, ready-to-operate unit, $99.95. 
PACO Electronics Co Inc, 70-31 84th 
St, Glendale 27, LI, NY. 
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Technical Writing Techniques 
for Engineers 


JOSEPH RACKER. Prentice-Hall Inc, Englewood 
Cliffs, NJ. 6 x 9, 234 pp. $6.95. 


There is some help in this book for 
the engineer-author, but its contents 
are aimed more at that modern-day 
specialist, the so-called “technical 
writer” who puts out handbooks, man- 
uals and the like. This may explain 
why the book doesn’t deal much with 
the many elements of effective writing. 
And one of its fotmulas, “Start writ- 
ing—anything concerning the subject 

and then keep going” would make 
the experienced writer smile wryly: It’s 
not that simple. But the book does 
have strong points. One is its details 
on the proper handling of sketches and 
other illustrative material. Another: 
though the book lacks an index, almost 
half of its pages are devoted to eight 
valuable glossaries—Air Force Terms, 
Automation Terms, Computer Terms, 
Electrical and Electronic Terms, 
Guided Missile Terms, Radio and 
Radar Navigation Terms, Space Tech- 
nology Terms, Transistor Terms. 

—WG 


Off-the-road Locomotion 


M G BEKKER, The University of Michigan Press, 
Ann Arbor, Mich. 6 x 9, 220 pp. $10. 


This book offers systematic research 
on the self-propelled vehicle as a unit 
in relation to environmental terrains. 
The author demonstrates how predic- 
tions can be made of vehicle perform- 
ance and design parameters and dis- 
cusses soil and snow mechanics, tracks, 
wheels and tires, as well as general 
factors associated with vehicles at 
assumed optimum performance. Im- 
portant developments in industry and 
education are described to support the 
contention that automotive research 
can remain vital only if it is broadened 
to include theoretical as well as design 
analysis. 


Welding Metallurgy 


ARTHUR L PHILLIPS. American Welding Soci- 
ety, 33 W 39th St, New York 18. 6 x 9, 114 
pp. $2. 

This booklet, a reprint of a chapter 


from the Welding Handbook, is a 
short comprehensive text on welding 
metallurgy of ferrous and nonferrous 
metals. It discusses such funda- 


mentals as properties and structure of 
the base metals and changes caused by 
welding heat. Valuable because it 
also tells what causes weld failures and 
what characteristics in the metal affect 
its weldability. 

Welding metallurgy of these spe- 
cific metals are covered in detail: car- 
bon, low-alloy and _ stainless steel, 
nickel, copper, aluminum, magnesium, 
titanium and their alloys. 


Other Books of Interest 


Management Guide for Preventive 


Maintenance 

B T Lewis, W W Pearson. John F Rider Pub- 
lisher Inc, 116 W 14th St, NY 11. 52 x 812, 
64 pp. $1.25. 


On Reissner’s Theory of the 
Bending of Plates 

NASA TT F-27. A L Goldenveizer. National 
Aeronautics & Space Administration, Washing- 
ton, DC. 8 x 1014, 16 pp. 50¢. 


RCA Photosensitive Devices and 


Cathode-ray Tubes 
Radio Corp of America, Electron Tube Div, 
Harrison, NJ. 8% x 10%, 36 pp. 50¢. 


Damping of Rectangular-plate 
Vibrations 

PB 161755. T S Lundgren, C C Chang, Y C 
Whang. Office of Technical Services, Washing- 
ton 25, DC. 84% x 11, 20 pp. 75¢. 


ABSTRACTS 
FROM THE LITERATURE 


Electrical-system Transients 

With the advent of solid-state de- 
vices and their susceptibility to de- 
struction from transient impulses, 
there has been renewed interest in 
the subject of interference voltages. 
In this article, methods of controlling 
the coupling of transients into sensi- 
tive circuits are described. 


“Electrical System Transients and Sensitive 
Circuit Control,” T. B. Owen, Douglas Aircraft 
Co, AIEE Paper 60-1029. AIEE, 33 W 39th 
St., New York 18. 


Magneto-thermionic Power 

A design concept is presented 
which, under certain conditions, im- 
proves the efficiency of thermionic 
generators. The proposed concept 
envisages the application of a mag- 
netic field perpendicular to the elec- 


continued on page 68 
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NEW! 3 INCHES 


OF 


Divisions: 





THE ULTIMATE 


in testing perfection 


Nillon 


UNIVERSAL TESTERS 


Here’s a low cost tester 
that operates in tensile, 
compression, trans- 
verse or shear. This in- 
expensive instrument 
can make hundreds of 
accurate checks daily 
on metal, plastics, wire, 
rubber, springs, etc. 
Handles round, flat or 
special shapes. More 
than 15 gripping fix- 
tures available. Max. 
indicator. Self-aligning 
grips. Hand wheel 
operated or motorized. 
Meet ASTM & Fed. 
specs. Rugged & fast. 
Calibrated with certi- 
fied dead weights. Re- 
corder optional. Max. 
capacity 300 lbs. 


LOW 
COST 


fre Electric Motor Corp 


MODEL M. For low 
strength materials 
between 0 & 300 Ibs 
Pendulum-type with 
5 scales. 





MODEL L. Heav- 
ier unit for ma- 
terials up to 
125,000 Ibs. PSI. 
7 interchange- 
able gauges pro- 
vide wide range 


wc. Dellor &c0.,ne. 


14588 Keswick St., Van Nuys 52, Calif. 


LM-29 
CIRCLE 207 ON READER SERVICE CARD 


POWER: 
HOWARD 


FRACTIONAL 
MOTOR 


for Typewriters—Business Machines— 
Computors—Recorders— Appliances— 
MORE POWER, SMALLER SIZE, LONGER 
LIFE, TOUGHER CONSTRUCTION... ALL 
AT LOWER COST! 

© 3" diameter—26 frame size © 2 pole ratings 
from 15 milli-h.p. to 1/10 h.p. ¢ 4 pole ratings 
from 15 milli-h.p. to 1/20 h.p. ¢ Available in 
hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start 
models © Single or double shaft © Resilient 
mount, foot mount or face mount 


Write today for samples and prices! 


@® Cyclohm Motor Corp. 


H.P. INDUCTION 


@ Loyd Scruggs Co. 


DESIGN LITERATURE continued 


trode surface. This applied field 
counteracts the adverse effect of the 
self-induced transverse magnetic fields 
present in large thermionic generators. 
In addition, the applied magnetic field 
may be used as a modulating device in 
order to generate an ilternating 
current. 

“Magneto-Thermionic Power Generation”, A. 
Schock, Republic Aviation, Electrical Engineer- 
ing, Dec ‘60, Farmingdale, N. Y. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 70. 
UNIVERSAL JOINTS—Catalog J-1960, 
220 pp. Discusses characteristics of single 
joints and assemblies; critical speeds; and 
torque capacities of round steel tubes 
Contains dimensional drawings and speci 
fications tables for a wide size range 
Mechanics Universal Joint Div, Borg-Wat 
ner Corp, 2020 Harrison Ave, Rockford, 
Ill 
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rUBE FITTINGS—Catalog TF-1060, 24 
pp Contains _ illustrated 
tables covering over 100 tube fittings and 
Cutaway drawings shows O 


spec ification 


accessories. 
ring seal adaptability in several complex 
design or maintenance situations Lenz 
Co, 3301 Klepinger Rd, Dayton 1, Ohio 
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LOCKNUTS-—Brochure GE-S067A, 16 
pp. Illustrates and tabulates dimensions 
of automation grades; flange; and regular, 
thin and heavy hex collar styles. Also 
covers lock nut operating principles; re 
sults of torque-tension tests; max assembl\ 
torques; and proof load, tensile strength 
ind hardness requirements of bolts. Fed 
eral Screw Works, 3401 Martin Ave, Dc 
oit 10 
Circle 352 on Reader Service Card 


MACHINING, FORMING, PROCESS- 
ING PLASTICS—Catalog, 216 pp. Covers 
dielectric ratings, tensile strengths, hard 
ness, deformation, moisture and water re 
sistance, linear expansion and contraction 
characteristics of Teflon, Kel-F, nylon 
styrene, epoxies and laminates. Also con 
tains machining and forming instructions 
for rods, tubes, sheets, gaskets, etc. R. S 
Hughes Co Inc, 4515 Alger St, Los An 
geles 39 
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CASTERS AND WHEELS-Catalog 26, 
approx 62 pp. Outlines performance, load 


HOWARD INDUSTRIES, INC. © 1750 State Street ¢ Racine, Wisconsin 
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ratings and applicable floor surfaces for 
swivel and rigid casters and wheels made 


of polyurethane elastomer, canvas cushion, Ga are 3 facts you should 


formica, molded canvas, rubber, steel and 


iron. Thirty-four models are pictured. ; know about 


Divine Brothers Co, 200 Seward Ave, 


Utica, NY. | | mm i(ed.(e) @-1¢), mo eee 


Circle 354 on Reader Service Card 


PRE-TENSED SHEETMETAL STRUC- 
TURES—Manual, 48 p. Describes and 
illustrates physical details of structural 
components; construction ideas for typical 
installations; assembly and layout plans; 
and materials needed for specific struc- 
tures. Lindsay Div, Dept D60, Interna 
tional Steel] Co, Evansville 7, Ind. 

Circle 355 on Reader Service Card 


POLYSTYRENE, POLYETHYLENE 
RESINS—Brochures, 4 and 6 pp. Prop 


erties of three polystyrene series and 21 





injection-blow-molding resins are tabu- 
lated. Latter publication discusses ap- 
plications for each polyethylene. Rexall 
Chemical Co, P O Box 37, Paramus, NJ. 

Circle 356 on Reader Service Card 


INDUCTION AND SYNCHRONOUS 

MOTORS-—Bulletin 1024, 12 pp. Covers 

rated torques and types of duty for low- Uniformly thick walls because float halves are die-formed . . . not 

and high-slip ac induction motors and spun, laminated or electro-deposited. 

discusses performance of constant speed Versatile use . . . for buoyancy mediums, fiuid chambers, pressure 

synchronous designs. Fairbanks, Morse & vessels, and all mechanisms requiring floats. 

Co, Electrical Div, 303 N Henderson, 

ae a ar ee Made for working pressures up to 2500 Ibs., Nicholson floats 
range from 2” to 12” in diameter and have exceptional resist- 

V-BELTS—Bulletin M-201, 8 pp. Gives ance to pressure and corrosion. Steel Floats: chromium, cad- 

specifications and graphically illustrates ad mium or copper plated. Also unplated, with sandblast or pickled 

vantages of straight sidewall construction finish. Stainless Steel and Monel Floats: rough buffed or pol- 

of belts for heavy and light duty, short ished with smooth, highly finished welds. 

and long centers. Manhattan Rubber 

Div, Raybestos-Manhattan Inc, Passaic, 

NJ. 


High tensile strength floats . . . spherical, elliptical or cylindrical. 


Circle 358 on Reader Service Card This Coupon Brings You Informative 


SEAL AND GASKET SILICONE RUB- Bulletin On Floats 


BER—Data sheet, 1 pp. Discusses swell, Bulletin 753 contains facts on steel, stainless steel and monel floats, 
low and high temperature characteristics, information on float connections, tables showing weight, buoyancy and 
shore hardness and molding and extruding | collapsing pressure for spherical floats for all gauges . . . also volume 
process adaptability of silicone polymers and buoyancy data. Fill in and mail this coupon for your copy. 
which are resistant to fuels and oils. Still 
man Rubber Co, 5811 Marilyn Ave, Cul- Name 
ver City, Cal 

Circle 359 on Reader Service Card Title 


MILITARY TERMINAL BOARDS-Bul- Company 


letin 61-3, 8 pp. Offers electrical, me- Street 

chanical specifications and dimensional 

drawings of 15 models. Kukla Electric — Zone _____State_____ 
Corp, 633-643 S Fulton Ave, Mt Ver- 

a oa. W. H. NICHOLSON and COMPANY 


Circle 360 on Reader Service Card 12 Oregon St., Wilkes-Barre, Pa. 


METAL HOSES—Catalog 539, 8 pp. De- 


tails pressures, working temperatures and é Cc + © & ne © | 


installation methods for carbon and stain- of Wilkes-Barre 


less steel] connectors. Pictures 16 stand- 
continued on page 70 
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DESIGN LITERATURE continued 


ard models. Cobra Metal Hose, 5059 S 
Kedzie Ave, Chicago 32. 
Circle 361 on Reader Service Card 


SELF-LOCKING BOLTS, SCREWS — 
Bulletin, 4 pp. ‘Treats design characteris- 
tics, max torque, min breakaway, temper- 
ature and strength data. Also outlines 
results of tensile and fatigue tests and 
illustrates 18 head and point styles. Long- 
Lok Corp, 2601 Colorado Ave, Santa 
Monica, Cal. 

Circle 362 on Reader Service Card 


PHOTOGRAPHIC DATA-PROCESS- 
ING EQUIPMENT-—Brochure, 20 pp. 
Explains operation of 10 instruments, 
including rapid film-processing cameras, au- 
tomatic film titling equipment, X-ray cine- 
fluorography cameras, and device for meas 
uring bacteria content of atmosphere. 
Photomechanisms Inc, Huntington Sta- 
tion, LI, NY. 
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COLD-HEADED FASTENERS 
chure 10a, 8 pp 
cold-heading, giving formula for deter- 
mining whether or not a part can be upset 


— Bro- 


Describes and depicts 


by process. Catalogs special and standard 
screws, bolts, nuts, pipe plugs and other 
threaded products. Elco Tool & Screw 
Corp, 1121 Samuelson Rd, Rockford, Ill. 
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RESET TIMERS—Folder G-1681, 4 pp. 
Traces electrical ratings of rear- and panel- 
mounted models. Includes dimensional 
drawing, six circuit diagrams and sketches 
of basic unit and its 12 variations. Haydon 
Div, General Time Corp, 245 E Elm St, 
Torrington, Conn. 
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DIALS—Catalog 9, 40 pp. Illustrates and 
gives specifications for 22 disk dials that 
range from 2 to 6 in. dia. Also covers dial 
rings, drum dials, drum and disk verniers, 
knobs and hubs. Ackerman Engravers 
Inc, 458 Broadway, New York 3. 
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HIGH-VOLTAGE POWER SUPPLIES 
—Bulletin series 701, 2 pp. Pictures and 
presents specifications for six units in a 
40 to 40.000 output line. AMP Inc, 
Harrisburg, Penna 

Circle 367 on Reader Service Card 


COATED GLASS FABRICS—Brochure, 
6 pp. Discusses and illustrates epoxy and 
varnish-coated glass products; standard and 
commercial grades; and yellow varnished 
glass fabrics for electrical applications. In- 
cludes tensile and electric strength and 
thickness data. Irvington Div, Minnesota 
Mining & Mfg Co, 900 Bush Ave, St 
Paul 6. 
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INDUSTRIAL PUMPS—Bulletin 1, 8 
pp. Contains size, capacity, differential 
pressure, viscosity and temperature data on 
power driven and variable capacity pumps. 
Also covers proportioning systems; strain- 
ers; and hand, truck, aluminum transporter 
and liquefied gas pumps. Blackmer Pump 
Co., 1809 Century SW, Grand Rapids, 
Mich. 
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PUSHBUTTON SWITCHES — Data 
sheet 182, 2 pp. Lists contact arrange- 
ments and electrical ratings of miniature 
DPDT units with two-color indication. 
Micro Switch, Div Minneapolis-Honeywell 
Regulator Co, Freeport, Il. 

Circle 370 on Reader Service Card 


HIGH-HEAT ALUMINUM PAINT — 
Bulletin 1206, 3 pp. Discusses paint’s for- 
mulation with silicone resin solution; where 
and how to use it; and its reactions to 
severe temperature and atmospheric condi- 
tions. Speco Inc, 7308 Associate Ave, 
Cleveland 9. 

Circle 371 on Reader Service Card 


DECAL NAMEPLATES — Brochure, 4 
pp. Tabulates descriptions, designs, ad- 
vantages, indoor/outdoor uses and applica- 
tions for nine transfers, including a heat- 
resistant line. Also details nameplates for 
dry pressure-sensitive application. Meyer- 
cord Co, 5323 W Lake St, Chicago 44 
Circle 372 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


FIBERGLASS-REINFORCED _ PLAS- 
TICS—Booklet 32 pp. Outlines proper- 
ties and handling procedures for polyester, 
epoxy and foam-in-place resins and con- 
tains chart of color-paste dispersions. Dis- 
cusses contact and spray-up molding. Resin 
prices are included. Allied Resin Products 
Corp, Hingham Industrial Center, Hing 
ham, Mass. 


PANEL METERS—Catalog P1-1160, 24 
pp. Presents specifications, standard ranges 
and dimensional drawings of miniature and 
full-size units from 4 to 44-in. dia. Elec- 
tronic Sales Div, DeJur-Amsco Corp, 
45-01 Northern Blvd, Long Island City 
1, NY. 





PLEASE SAY YES TO 
THE [NEW] MARCH OF DIMES 


THE NATIONAL FOUNDATION 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request. 

The following special reports are avail- 
able as long as the supply lasts, from 
Reader Service Dept., Product Engineer- 
ing, 330 W 42nd St, New York 36. 
Please enclose remittance with order; we 
pay postage. 


Rolling Element Bearings $2 
Ball, roller and thrust bearings—their selec- 
tion, test and the analysis of their failures, 


64 p. 


Design with Steel $2 
Latest design data for a wide range of 
steels and alloys for high strength and high 
temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with 
coverage in depth on the latest math tools 
of systems engineering, 64 p 


Reinforced Plastic Parts $2 
Combined reprints of 11 articles giving 
design data on the seven processes for 
commercial parts, 64 p. 


Engineering Models $2 
Working prototypes as well as 3-D 
“sketches,” here’s how to design and 
make them, 64 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human dimen- 
sions, plus bibliography, 44 p 


Creativity $l 
Combined reprint of 10 articles on the 
facts behind the fad, 32 p. 


The European Engineer Talks $1 
The challenge to American proficiency 
in design from interviews with technical 


aa « 
directors in six counties, 24 p 


Plate Cam Design $l 
Series of 7 articles with complete design 
data; curve blending and profile synthesis 


to reduce inertia, 48 p 


Reading, Writing, Reporting $l 
faster 
7 steps 


Combined reprint of: 5 steps to 
reading: 8 steps to better writing 
to better reporting, 24 p 


Manual of Reliability 50¢ 
How to design for reliability, human fac- 
tors, statistical tools; implementing the 
program, 32 p. 


Design by Digital Computers 50¢ 
How to choose and operate desk-size prob- 
lem solvers, 12 p. 
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DR. S. M. RUBENS, Director of Physical Research, Remington Rand Univac at St. Paul, holds 
a substrate of thin magnetic film. The ferro-magnetic vapor deposit is only 1500 Angstroms 
thick. Dr. Rubens and his group are credited with developing this remarkable new film memory. 


a 


Pay 


This new thin magnetic film reduces computer 
memory access time to nanoseconds 


Remington Rand Univac scientists have perfected a 
ferro-magnetic film which is the fastest and most ad- 
vanced form of computer memory ever developed. This 
revolutionary technique has more than halved internal 
referencing time—a speed rated in nanoseconds, or bil- 
lionths of a second. It may utimately permit a thousand- 
fold reduction! 

In addition to the high speed switching time, thin mag- 
netic film provides other advantages in computer design. 
It will appreciably reduce the size of computers and at 
the same time increase their capabilities. Reliability will 
be increased. And it should permit computers to be pro- 
duced more economically. 

This new development is typical of the many ‘“‘firsts”’ 
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which the Univac Division has contributed to the data 
processing industry. Univac, producer of a complete line 
of data processing computers and punched card systems, 
has its headquarters at 315 Park Avenue, South, New 
York City, and Engineering Centers at St. Paul, Minne- 
sota; Philadelphia, Pennsylvania; and Norwalk, Conn. 


REMINGTON RAND 


UNIVAC 


DIVISION OF SPERRY RAND CORPORATION 
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MINI-JOINTS with 
ZERO BACKLASH 
Gl JARANTEED 


INDEX TO 
ADVERTISERS 


This index is published as a convenience to the readers. Every care is taken to make it accurate but 


Sind e eddie ae 
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TELESCOPING UNIVERSAL JOINT 
FEATURES 


® Zero Backlash @ 1%" Lateral Travel 

@ Constant Velocity ®@ Stainless Steel 

®@ Sealed-in Lubrication @ 30° Operating B 
Angle Bodine Electric Co 


SIZES IN STOCK 


Part Length 
No. Bore Body Closed 


62-63 


A 
Armco Steel Corp. ioe 
.3rd Cover 


Automatic Switch Co 


Torque D 
in Oz. Dillon & Co., Inc., W. C. 


TIBS -0938 3/16 1-7/16 16 


T2BS 125 3/16 1-7/16 16 


: F 
T4BS .1875 9/32 2 64 —— Div., General } Vaarmetynamtes 
- orp. ; ; 
T6BS 250 3/8 2-1/2 256 Fenwal, Inc. 


F j Jni- 
Prices 1-4-$28.50 5-9-$22.50 10-99-$19.50 ergueen Machine 2 Subs., Uni. 


versal Match Corp 
SINGLE and DOUBLE MINI-JOINTS == Franklin Electric Co., Inc 
with same features as above are also in 
stock priced as low as $4.80. Special joints 
including telescoping jvints with added 
lateral travel are offered made to order. H 
Howard Industries, Inc.. 


International Nickel Co., Inc. 
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Jarvis & Jarvis, Inc.. 

Johnson Machine nea Carlyle. 
Johnson Corp. 


K 

Have you Kennametal, Inc., Metalworking Div. 
stopped 

learning ? 


Lamb Electric Co. 
Ledex, Inc. 

Link-Belt Co. “?P 
Logansport Machine Co., 25 


5 
2nd Cover 
1l 


M 
Marman Div., Aeroquip Corp. 
Meehanite Metal Corp : 
Merriman Brothers, Inc., Lubrite Div. 
Minnesota Mining & Mfg. Co., Ad- 
hesives, Coatings, & Sealers Div. 
Minnesota Mining & Mfg. Co., Rein- 
forced Plastics Div........ 12- 


A British statesman, it is said, read 
Gibbons “Decline and Fall of the 
Roman Empire” while waiting for 
his wife to dress for dinner. 

Once a man feels the urgency to 
learn, it’s remarkable how he finds 
the time and place to do it. 

If he had to spend countless 
hours seeking out that which would 
be most useful in his work, the go- 
ing might be rough. But, happily, 
this herculean task has already 
been accomplished by McGraw-Hill 
specialized magazines that span al- 
most every field and function. 

Your very own publication, for 
instance, that you are reading right 
now. Read it inquisitively. Read it 
imaginatively. Pass it along to your 
fellows, tell them how much they 
can get out of it, too... 

Men who read more...earn more! 


N 
Nice Bell Bearing Co., 
ning Corp 
Nicholson % Co., 


Div. of Chan- 


R 
Remington Rand Univac Div., 
Rand Corp. 
Reuland Electric Co 


Sperry 


T 
Timken Roller Bearing Co 4th Cover 
Tinnerman Products, inc - Cl 
Triangle Mfg. Co. , 66 
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LLOYD R. LAWRENCE advertising sales man- 
oger 

P. F. PRITCHARD manager, market develop- 
ment 

THOMAS R. COASH circulation 

RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9... Ray K. Burnet, 1375 Peach- 
tree St, N.E., Trinity 5-0523 

BOSTON 16 M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor; L. Anderson, 520 
N Michigan Ave, Mohawk 4-5800 

CINCINNATI 2 . . . Carew Tower, Garfield 
1-5474 

CLEVELAND 13... A. F. Tischer, 1164 
illuminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1... . John Grant, 901 Vaughn Bldg, 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS . Data on Materials and Components 


. Free Article Reprints 


FOR PERSONAL COPIES - » New Catalogs and Bulletins 
OF ADDITIONAL Brochures on Advertised Products 


Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 





sue of January 30, 196! 
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100 MILLION OPERATIONS! 


new ASCO solenoid has virtually unlimited life... 


outstanding economy 


In this case “unlimited life” is a simple statement of fact. 
ASCO’s new solenoid is manufactured to such precise tolerances 
(+0.0005”) that wear is virtually non-existent. In ordinary 
solenoids, the plunger rides loosely in the sleeve—inviting wear. 
But in ASCO’s long-life solenoid, the plunger is guided by a 
machine tool bearing that assures accurate stroking and reduces 
friction to an absolute minimum. 

Because this solenoid was engineered with quality as the 
prime consideration, its initial cost is higher. However, it is 
in fact the most economical solenoid you can buy because, once 
installed, it can practically be forgotten. This solenoid will still 
be functioning 100 million operations later—long after standard 
types have been replaced—and replaced —and replaced. For addi- 
tional information, contact your ASCO engineer or write for 
Catalog 57-S5. 
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Automatic Switch Co. 
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How world’s largest tracer lathe 
assures precision 


Engineers of The American Tool Works Co. design 
maintenance of high precision right into their new 
Maxi-Swing Tracer Lathe with 16 Timken” tapered 
roller bearings on the nose and center of the spindle, 
drive and intermediate shafts. That’s because Timken 
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bearings are designed and manufactured to take the 
big loads from all directions of this machine cutting 
%” deep into work pieces of up to 40 tons. And they do 
it through a range of 22 speeds, giving rigidity with 
compact mounting and ease of assembly. 





Industry rolls on 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cableaddress: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel 


ON-THE-SPOT ENGINEERING SERVICE. Our sales engineers can help you and Removable Rock Bits. Canadian 
right at the design stage to get the most economical bearing in terms of Division: Canadian Timken, St. 
needed capacity and precision. Why not call them in early? Thomas, Ontario. 
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